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ABSTRACT iL 

This study was designed to extend the 
schema-* heore*-ic perspective of understanding general discourse to 
include qraph comprehension. The sample included 20U fcurth-grade and 
iqc eeve^h-q^de pupils. Data were collected on achievement in 
readi-g and mathematics, sex, prior knowledge of topic, mathematical 
con*e«t, a-aphical form, and graph co nprehension. Results indicated 
all independent variables, except sex, are unique predictors of graph 
comprehension for fourth graders. For seventh graders, unique 
nr-ed* c«-o-« included mathematics achievement, reading achievement, and 
pricr knowledge of content. There were no significant sex-related 
differences with fourth-grade pupils, but seventh-grade girls 
siq*ific»**ly out-performed boys in mathematics achievement. The 
results are viewed to imply that fcurth graders focus their attention 
on a graph's surface structure, notacly the topic and graphical form 
used. Seventh graders can scan graphs more effectively and become 
concerned with a graph's mathematical content. Implications for 
teachers are noted. (MP) 
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ABSTRACT 



The purpose of this study was to extend the schema-theoretic 
perspective of understanding general discourse to include graph 
comprehension. The sample included 204 fourth- a ,1 185 seventh-grade 
public school children. The data collection included achievement m 
reading and mathematics, sex, prior knowledge of topic, mathematical 
content, and graphical form, and graph comprehension. Separate 
correlation and regression analyses were performed to identify those 
factors which predict ability to comprehend graphs for fourth- and 
seventh-graders, t-tests were calculated to determine the significance 
of the difference between the means with respect to sex. Also, 
descriptive data were - included in a supplemental analysis to highlight 
the statistical analysis. 

The results indicated that all the independent variables, except 
sex, are unique predictors of graph comprehension for fourth graders. 
The unique predictors of graph comprehension for seventh graders included 
mathematics achievement, reading achievement, and prior knowledge of 
mathematical content. There were no significant sex-related differences 
between fourth-grade girls and boys. A change in achievement patterns 
was observed for young adolescents: seventh-grade girls significantly 
outperformed boys in mathematics achievement. 

The results imply that fourth graders, who in general have a^ 
restricted global knowledge base, focus their attention upon the surrace 
structure" of the graph (i.e., the topic and graphical form). As 
highlighted in the interviews, this surface structure might distract 
-hem £rom attending to the message of the graph. Seventh graders can 
scan the graph more effectively and then become more concerned with the 
"deep structure" of the graph (i e., the mathematical content). 

The conclusion of this report contains implications for teachers. 
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CHAPTER I 
THE PROBLEM AND ITS RELEVANCE 

Intvcduction 

The American public 1 s dissatisfaction and concern have been 
.aroused by the decline in students 1 performance in reading (Brandt, 
1980; "Chicago Schools," 1978; "Connecticut Fails," 1980; Copperman, 
1973, 9/9; FisRe, 1978; Maeroff, 1978; McCarthy, 1979) and mathematics 
("Connecticut Fails," 1980; Copperman, 1978, 1979; Gibney & Karns, 1979; 
Heyraan, i980; Maeroff, 1979; National Assessment of Educational Progress, 
1979a). One of the factors that teachers have identified as hindering 
mathematics achievement is students 1 poor reading ability (Fey. ^79; 
Ph-illips, 1979). It may be possible that by being unaware of the 
specific reading skills pecessary for success in a particular subject, 
teachers take for granted 3tudents ! ability to perform many tasks that 
involve reading in the content areas. 

' Since the cry for "back-to-basics" has introduced great contro- 
versy, a wide rang*; of meaning, and implications for curriculum devel- 
opment ("Back-to-Basics," 1977-78; Webb, 1977-78), the National Council 
of Supervisors of Mathematics (NCSM) issued a list of ten vital skill 
categories (NCSM, 1977). Reading, interpreting, and constructing graphs 
was identified as one of these vital 3kills . Also, it has been recog- 
nized that the ability to interpret information from graphs i. a 
requirement for literacy (Bamman, Hos;an, & Greene, 1961; Hcgan, Farr, 
Prescott 4 Balow, 1978; National Assessment of Educational Progress., 
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1979b; Chipman, Note 1), and it is a component of school learning 
(Price, Martuza, & Crouse, 1974). 

Although literal reading of data presented in graphical form is 
an important component of graph reading ability, the meximum potential 
of the graph is actualized when the reader is capable of interpreting 
and generalizing from the data presented (Kirk, Eggen, & Kauchak, Note 
2). The results of the Second National Assessment of Educational 
Progress (NAEP) indicated that "students' ability to read graphs is 
superficial" (Bestgen, 1980, p. 27). Nine- and thirteen-year-old chil- 
dren were capable of answering low level cognitive items that required 
literal or direct reading of the graph (Bestgen, 1980; Carpenter, Kepner, 
Corbitt, Lindquist, & Reys , 1980), but students were less competent at 
ca3 i - required high level cognitive skills, such as interpreting, 

integrating, generalizing, and extending the data presented in the 
graph (Bestgen, 1980; NAEP, 1979b). This deficiency was also recognized 
in the results of the first NAEP (NAEP , 1973). The importance of the 
ability to draw inferences »ad predict from data has been recognized by 
the National Council of Teachers of Mathematics (NCTM) by recommending 
"increased emphasis" on this activity (NCTM, 1980, p. 7). 

It is possible that the advent of a "new" cognitive perspective 
for explaining reading comprehension (Chipman, Note I; Smith-Burke, Note 
3) can be used to help discover some of the reasons why students experi- 
ence difficulty with reading graphs. At this time there is an inade- 
quate understanding of how types of text, other than story-structured 
materials, are processed (Kintsch, 1977; Sticht, 1977). An exploration 
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of how schema theory is related to reading mathematics (Silver, 1979) 
and mathematical understanding (Greeno, 1978) is warranted. 

Schemata, the organized frames of knowledge which also contain 
"information about how this knowledge is to be used" (Rumelhart, Note 
4, p. 3), are dependent upon past experiences, past knowledge, informa- 
tion and/or skills, called prior knowledge. It has been demonstrated 
that prior knowledge, or the lack of it, may cause multiple interpreta- 
tions of ambiguous reading passages, as well as the ability or inability 
to interpret text material (Anderson, Reynolds, Schallert, & Goetz, 
1977; Kintsch & van Dijk, 1978). 

When this schema- theoretic concept of prior knowledge is applied to 
graph comprehension, three aspects of prior knowledge i re apparent: 
prior Knowledge of topic, prior knowledge ot mathematical content, and 
prior knowledge of graphical form. First, Vernon (1946, 1950, 1952, 
1953) hinted that unfamiliarity with the topic of the graph hindered 
comprehension. The topic, which is the subject of the graph, is one of 
the factors that should be taken into consideration when measuring graph 
comprehension (Bamberger, 1942). A second aspect of prior knowledge is 
mathematical content. Bamberger (1942), Goetsch (1936). and Vernon 
(L952) stated that comprehension of graphs was dependent upon students 
being familiar with the mathematical concepts, or mathematical convene, 
employed in the graph. Hinsley, Hayes, and Simon (1977) and Silver 
( 1 98 L ) recommended that structure, or form, be taken into consideration 
when examining students' mathematics schemata. In particular, a third 
aspect of prior knowledge, prior knowledge of the structure of the 

ryv~ r\U rtf rha Tqn'm' n a 1 f nrm mi ohf 1^ «n ha % Critical factor in the 
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students 1 ability to interpret information presented in a visual display 
(Janvier, 1978; MacDonald-Ross, 1977). 

The National Advisory Committee on Mathematical Education (NACOME) 
ha3 recommended that studies be conducted to acquire knowledge about 
the relationships among ej^erience, content, modes of expression, and 
student ability (NACOME, 1975). The purpose of the present study was 
to extend the schema-theoretic perspective of understanding general 
discourse to graph comprehension by examining the effect of prior 
knowledge of topic, mathematical content, and graphical form on the 
ability to comprehend the mathematical relationships expressed in 
graphs . 

The relation among general reading, mathematics achievement and 
grqph reading has not yet been clearly established. Gome rese^rchwib 
maintain that reading graphs, like reading other mathematical text, is 
not limited to reading from left to right. Reading in other directions 
is essential to understanding (Bye, 1975; Carter, 1947; Hater, Kane, & 
Byrne, 1974; Krulik, 1980; Phillips, 1979; Simmons, 1977; Thomas & 
Robinson, 1977; Harlin, Note 5). On the other hand, despite the 
structural deferences between the nonverbal, diagrammatic, pictorial 
format of graphs (NAEP, 1973), and prose text, other researchers 
(Herrmann, 1V6; Johnson, 1971) have found a correlation between general 
reading performance and graph comprehension. Goetsch (1936), Herpnann 
(1976), and Johnson (1971) have also indicated that graph comprehension 
is correlated with mathematics achievement. rherefore, students' read- 
ing and mathematics achievement in relation to graph reading ability 
have also been examined in this investigation. 
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It has been suggested that males, in general, tend to be superior 
to females in mathematics, and that females tend to be superior to 
males in verbal ability (Armstrong, 1975; Guilford, 1967; Mullis, 
Oldefendt, & Phillips, 1977) and reading (Gonder, 1977; Mullis et al., 
1977; NAEP, 1977). If these researchers' observations identify girls as 
better readers, are they better readers of graphs, or, if boys are 
better in mathematics, are they better at comprehending the mathematical 
relationships expressed in graphs? According to Peterson and Schramm 
(1954), no studies up to that date had indicated that sex would make a 
"difference in the accuracy with which graphs are read" (p. 187). 
Although Johnson (1971) analyzed boys' and girls' measures separately , 
no conclusions were made regarding the effect of sex on the ability to 
read graphs. However, her study included children from fourth- to sixth- 
grades, and in general, differences in mathematics achievement cannot be 
expected to be manifest at least until early adolescence, that is, at 
least the seventh grade (Armstrong, 1975; Fennema, 1978; Waters, 1980). 
Therefore, to identify whether there are any sex-related differences in 
graph reading ability in the present study, the sample included seventh- 
graders as well as fourth-graders. 

The purpose jf this study was to extend the schema-theoretic per- 
spective of understanding general discourse to graph comprehension by 
examining the effect of prior knowledge on the ability to comprehend the 
mathematical relationships expressed in graphs. The effect of reading 
achievement, mathematics achievement, and sex were also included to 
identify the predictive factors which would be required for graph com- 
prehension. It is hoped that the results contribute information which 



might provide the basi9 for diagnosing the factors which may impede 
graph comprehension. 

The following questions were explored in this study: 

1. Is prior knowledge of topic related to comprehending the mathe- 
matical relationships expressed in graphs, independent of mathematics 
and reading achievement? 

2. Is prior knowledge of mathematical content related to comprehend- 
ing the mathematical relationships expressed in graphs, independent of 
mathematics and reading achievement? 

3. Is prior knowledge of graphical form related to comprehending 
the mathematical relationships expressed in graphs, independent uf 
mathematics and reading achievement? 

4. Is reading achievement related to comprehending the mathematical 
relationships expressed in graphs, independent of mathematics achieve- 
ment? 

5. Is mathematics achievement related to comprehending the mathe- 
matical relationships expressed in graphs, independent of reading 
achievement? 

6. Is sex related to comprehending the mathematical relationships , 
expressed in graphs? 

. l Another question originally proposed, "Is racial status related 
to comprehending the mathematical relationships expressed in graphs?" 
was deleted frod the study. The reasons for deleting the racial status 
variable are discussed under The Sample, Chapter 3, page 52. 

1* 



7 

7. What is the optimal linear combination of the above-mentioned 
variables in terms of predicting comprehension of the mathematical 
relationships expressed in graphs? 

Definitions 

Comprehension 

Comprehension consists of three tasks: 

Task a represents the students' ability to "lift" the information 
from the printed page, merely reading the data, Textually explicit 
questions were used to assess students' ability in this task. "Textually 
explicit questions have obvious answers right there on the page" 
(Pearson & Johnson, 1978, p. 157). Students were required to select a 
written verbal description of the data nsing the terms in the title of 
the graph; expressing ideas using different words but keeping the mean- 
ing, cr simply recognizing the required fact(s) in the graph. 

Task b represents that part of comprehension that includes the 
interpretation and integration of presented information. This includes 
comparisons (e.g., greater than, greatest, tallest, smallest, etc.) and 
the use of other mathematical concepts and skills (e.g., addition, sub- 
traction, multiplication, division). This , is considered to be reading 
between the data. Textually implicit questions were used to assess the 
students 1 ability in this task. "Comprehension is regarded as textually 
implicit if there is at least one step of logical or pragmatic inferring 
necessary to get from the question to the response and both question and 
response are derived from the text" (Pearson & Johnson, 1978, p. 161). 
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Students were required to identify the mathematical relationships among 
data presented in graphical form. 

Task c represents that part of comprehension that requires students 
to extend, predict, or infer from the data and/or tap existing schemata 
for information not present on, nor capable of being interpreted from the 
printed page. This is considered to be reading beyond the data. 
Scriptally implicit questions were used to assess students' ability io 
this task. 

Scriptal comprehension . . . occurs wheti a reader 
gives an answer thr.t had tc come from prior knowl- 
edge (it is not there in the text) to a question 
that is at least related to the text (that is, 
there would be no reason to ask the question if 
the text were not there). It is similar to 
textually implicit comprehension in that an infer- 
ence is involved; however, it is different in that 
the data base_ for the inference is in the reader's 
head, not on the page. (Pearson & Johnson, 1978, 
p. 162) 

Operationally, comprehension of the mathematical relationships 
expressed in graphs was a score achieved on a multiple-choice, reading-a- 
graph test designed specially for this study. (For further discussion, 
see Instrumentation, Chapter III, page 38, and Appendix A.) 

Graphs 

Graphs include the. "coordinate representation of points, picto- 
graphs, bar graphs . . . line graphs" (Hogan et al. 9 1978 , p. 100) as 
well as circle graphs 'NAEP, 1979b). They "are often used to present 
numerical data and to ahow relative sizes or quantities in cases where 
exact facts or figures are not as important as an obvious presentation 
of the substances of the information" (Dominy, 1967, p. 5). Also, graphs 
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facilitate "the presentation of facts for comparative purposes, and in 
many instances the graph indicates significant facts not obviously appar- 
ent in numerical form" (Arkin & Colton, 1940, p. 3). 

The types of -graphs used in this study were: bar graphs (also 
termed bar charts), circle graphs (also termed pie charts or pie dia- 
grams), line graphs (also termed broken-line graphs), and pictographs 
(also termed pictorial graphs or pictograms) . 

Bar graphs. Representing it horizontally or vertically (depending 
upon a time variable), the bar graph allows the reader to compare dis- 
crete quantities expressed by rectangular bars whose heights (or lengths) 
are proportional to the quantities that they represent (Arkin & Colton, 
1940). The bars are constructed within perpendicular axes. The axes 
di~e labelled. 

Circle graphs. The area of the circle graph "is divided into seg- 
ments [depicted by lines emanating from the center of the circle]. Eacl* 
segment represents a proportionate part of the whole" (Arkin & Colton, 
1940, p. 131). 1 

Line graphs. A line graph is used to compare continuous data. 
Points are plotted within perpendicular axes to represent a functional 
relationship. The axes are labelled. The points are connected by 
straight or broken lines (Arkin & Colton, 1940). 

Pictagraphs • The pictograph uses representative, uniform pictures 
to depict quantities of objects or people with respect tb labelled axes 
(Arkin & Colton, 1940). 

The four graph-types' — bar, circle, line, and pictograph, define 

0 
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"graphs 1 ' because these are the most common graphs encountered in the 
New York State (State Education Department, 1977) and New York City 
(Board of Education of the City of New York, 1962, 1979) mathematics 
curricula. These four types of graphs are also the basic forms found 
in daily newspapers and magazines. 

Mathematics Achievement 

Mathematics achievement is a level of functioning, indicating the 
amount of mathematics the child has learned. Operationally, mathematics 
achievement was defined as the total score (including computation and 
concepts) received on the SRA Achievement Series - Mathematics, Level D 
(for fourth-graders) and Level f (fot seventh-graders). (For further 
discussion, see Instrumentation, Chapter III, page 50-) 

Native-English-Speakers 

Native-English-speakers are students who speak only English at 
home, i.e., they are not bi- or multi-lingual. (For further discussion, 
see The Sample, Chapter III, page 52.) 

Prior Knowledge 

Prior knowledge is experience, knowledge of a topic or situation, 
information and/or skills that have been previously acquired by the 
subject (Pearson & Johnson, 1978). These past experiences, knowledge, 
information and/or skills are added, integrated, stored, and catalogued 
into existing schemata (Kamil, Note 6). Prior knowledge is not neces- 
sarily a j^oduct of iormal schooling. Operationally, prior knowledge 
was subdivided into thre* parte; 

24 
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Prior knowledge of topic. This subtest contained items that re- 
flected the vocabulary and general schema of subject-matter information 
assumed to be needed to comprehend the graph test items. 

Pri>or knowledge of mathematical content. This subtest contained 
items that reflected the mathematical skills and knowledge needed to 
respond to the graph questions. 

Prior knowledge of graphical form. This subtest contained items 
that reflected content-free, graph-reading skills required for responding 
to bar graph, circle graph, line graph, and pictograph items. 

(For further discussion of the Prior Knowledge Inventory and its 
subtests, see Instrumentation, Chapter III, page 47, and Appendix B.) 

Reading Achievement 

Reading achievement is a level of functioning, indicating the grade 
level at which the child has achieved reading competence. Operationally, 
reading achievement was defined as the total score (vocabulary and 
comprehension) received on the SRA Achievement Series - Reading, Level 
D (for fourth-graders) and Level F (for 3eventh-graders) . (For further 
discussion, see Instrumentation, Chapter III, page 50.) 

Schemata 

Schemata "are data structures for representing the generic concepts 
stored in memory" which are represented by stereotypes (Rumelhart & 
Ortony, 1977, p. 101). They are organized units of knowledge, as well 
as "information about, how this knowledge is to be aaed" (Rumelhart, Note 
4, p. 3). Within each schema are hierarchies of embedded schemata and 
sub-schemata (Rumelhart & Ortony, 1977). * 
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CHAPTER II 

THEORETICAL RATIONALE AND RELATED RESEARCH 

In order to attempt to extend the schema-theoretic perspective of 
comprehending general discourse to comprehending mathem cical relation- 
ships expressed in graphs, and to examine whether sex is a factor con- 
tributing to graph comprehension, a review of the literature pertinent 
to the study is presented in this chapter dealing with Schema Theory 
and Comprehension, Graphs, and 'Sex- delated Differences in Mathematics 
and Reading. 

Schema Theory snd Comprehension 

One of the earliest appearances of the concept of "schema" was over 
two hundred years ago in Immanual Kant's Critiaue of Pure Reason (Kant, 
1781/1966). In this tradition, researchers and cognitive psychologists 
have coined terms' such as "frames" (Kuipers, 1975; Minsky, 1975; 
Winograd, 1975), "scripts" (Schank & Abelson, 1977), and "schemata" 
(Adams & Collins, 1977; Anderson, 1977a, 1977b; Bartlett, 1932/1977; 
Bobrow & Norman, 1975; Head, 1920; Piaget, 1952/1963; Rumelhart & 
Ortony, 1977; Rumelhart Note 4). Although these terms have particular 
technical differences (Rupelhart, Note 4), they are currently being 
• used interchangeably to refer to the same general concept of knowledge 
in memory (Petrie, 1977; Davis, Note 7). Without loss of generality, 
the schema-theoretic framework has been used in this study because past 
and current research has applied it in exploring problems in education. 
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Schemata, which are stored in long-term memory, represent knowledge 

m 

and directions for how these schemata are used (Kieras, 1977; Rumelhart 
& Ortony, 1977). They aid in comprehension by helping readers/listeners 
make sense out of what is being presented (Adams & Collins, 1977; Brown, 
Smiley, Day, Townsend, & Lawton, 1977), and by allowing additions to the 
knowledge already stored in memory (Spiro, 1977). During the process of 
comprehension, readers/listeners may clarify, modify, revise, edit, 
amend, and/or extend that which has previously been learned. 

The Role of Prior Knowledge 

The cognitive or affective response that is stimulated by the rela- 
tionship of the abstract word to the abstract idea is heavily dependent 
upon the readers' experience (Kealy, Note 8). How readers perceive the 
incoming information is related to the prior knowledge stored in memory 
(Bartlett, 1932/1977; Bransford, Nitsch, & Franks, 1977). In particular, 
to comprehend che message within a text, readers tap their schemata, thus 
locating related background experiences. These experiences are then ac- 
tivated to bring meaning to the printed page (Adams & Collins, 1977; 
Brown et al., 1977). Each schema contains a<framework of knowledge for 
analyzing, assimilating, or accomodating incoming information. The 
framework is characterized by slots or holes which leave the schema in- 
complete (Royer, 1978). When slots remain unoccupied, comprehension is 
impeded (Anderson et al., 1977; Royer, 1978). During reading or listen- 
ing, the information needed to satisfy or fill the slots or holes may be 
founcf and inserted (thus facilitating comprehension). 

Once the slots or gaps are satisfied with information, a schema is 
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said to be instantiated. Instantiation may occur through the u£e of 
information in memory or by default (Rumelhart & Ortony, 1977), Default 
assignments, which consist of pattern completions contrived by one's 
imagination (Minsky, 1975), operate either to correctly or incorrectly 
satisfy the existing gap to facilitate comprehension (Davis, Note 7). 
As schemata become specialized and instantiated, default procedures and 
assignments become constrained (Rumelhart & Ortony, 1977) and unneces- 
sary. After a schema is instantiated, and the subject is presented with 
a related but novel situation: 

The information that matches slots in the schema 
would be said to be significant, whereas informa- 
tion that does not would be called unimportant, 
irrelevant, or — in the limiting case — incon- 
gruous. Information that fits the superordinate 
schema is more likely tc be learned and remem- 
bered; perhaps precisely because there is a 
niche for it. It follows that one schema can 
provide slots for more of a certain fixed body 
of information than other schemata. If the 
knowledge domain were specified, it should be 
possible to make qualitative as well as quanti- 
tative predictions about just which details will 
be learned. (Anderson, Spiro, & Anderson, 1978, 
p. 434) 

Research ma been conducted which demonstrates the rola of back- 
ground knowledge in comprehension. Anderson et al. (1977) organized two 
groups of college students according to their physical education or music 
background. Two purposely ambiguous passages, each designed to have at 
least two interpretations, were constructed and presented to the students, 
Each group of students interpreted the passages consistently with mem- 
bers 1 background experience. It was concluded that "the interpretation 
people give to messages is influenced by their backgrounds" (Anderson et 
al., 1977, p. 376), and 
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that many problens in reading comprehension are traceable 
to deficits in knowledge rather than deficits in linguistic 
skill narrowly conceived; that is, that young readers some- 
times may not possess the schemata needed to comprehend 
passages. Or, they may possess relevant schemata but not 
know how to bring them to bear. 0r t they may not be facile 
at changing schemata when the first one tried proves in- 
adequate; they may, in other words get stuck in assimilating 
text to inappropriate, incomplete, or inconsistent schemata. 
(Anderson et al., 1977, p. 378) 

In a recent study, Sjogren and Timpson (1979) replicated the work 
of Anderson et al. (1977) and examined the effects of prior knowledge 
with respect to sex and interests of the . articipants. Sjogren and 
Timpsc U979) recognized that the Anderson et al. (1977) study was 
confounded with sex, since all the members of the physical education 
group were males and all the members of the music group were females^* 
Sjogren and Timpson (1979) found that sex and interests (determined by 
the students' major rields) of the students were related to the interpre- 
tation given to the ambiguously worded passages. In another replication 
study, reiterating the influence of prior knowledge n the ability to 
comprehend '.ext, Carey, Harste, and Smith (1981) varied the environment 
(students were tested in music, physical education, and other classes), 
and concluded that context-of-situation is also a contributing factor in 
interpreting ambiguously worded text. In summary, the studies that 
highlighted the influence of prior knowledge on reading comprehension 
confirm Aaron's (1965) observation, i.e., prior knowledge contributes to 
comprehension. However, more* recent studies suggested that comprehension 
might be further enhanced by considering the readers' interest and sex, 
as well as the context-of-situation in which the reading selection 
is 'presented. 
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Some studies have identified an apparent influence of background 
knowledge on tne ability to answer reading comprehension questions pre- , 
sented to subjects without the companion passage (Pryczak, 1972; Pichert 
cited in Royer & Cunningham, 1978; Tuinman, 1973-1974). Subjects pre- 
sented with multiple choice questions from standardized reading compre- 
hension tests were able to respond correctly without having to read the 
companion passages. , The validity of such reading comprehension tests 
must be questioned (T^ma^Tl973-1974 ) - what is the purpose of having 
the paragraph if it is not needed to answer the accompanying questions? 
But, as previously mentioned, since prior knowledge enhances and facil- 
itates comprehensions the role of background or prior knowledge, cannot 
be ignored. Test items should reflect the companion passage and tap the 
reader's prior knowledge base. 

Prior Knowledge of Topic, Content, and Form 

Knowledge of the topic, content, and form of general discourse is 
dependent upon the amount of previous meaningful exposure the reader/ 
listener has had. A reader who confronts a text with an unfamiliar top- 
ic will not have a frame to help organize and interpret the information 
(Kintsch & van Dijk, 1978). Being aware of the topic of a passage (in 
some cases the topic is identified by the title of the passage) helped 
readers to retrieve relevant barkeround knowledge and bring it to bear. 
This enabled the readers to cotu, end and remember details in the text 
(Pichert & Ander^n, 1976; Sjogren * Timpson, 1979). On the other hand, 
students who were given ambiguous passages without titles to nelp 
identify the subsuming schema, were not as successful at comprehending 
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the passages as thei** counterparts, who were given the same passages 
with titles (Pichert & Anderson, 1976; Sjogren & Timpson, 1979). 

A second aspect of prior knowledge, prior knowledge of content, 
represents knowledge of relationships between and among words and ideas. 
For example, understanding a text with anaphoric relations deoends upon 
the readers' prior knowledge of referential cues which should enable 
them to link the pronoun being used with the term that it replaces 
(Pearson & Johnson, 1978). Also, understanding causal relationships 
expressed explicity or implicitly (Pearson & Johnson, 1978), requires 
prior knowledge of content. If stated explicitly, the link between 
cause and effect is evident to the reader who is familiar with the sig- 
nal words employed in the statement (s) . If stated implicitly, the link 
is not as evident and pYior kno* ge of content is required to infer 
the consequential link between (or among) two or more statements. 

Individuals confronted with text materials to read must be familiar 
not only with the topic and content, but also with the framework, struc- 
ture, or form of the content, and the conventions employed within the 
structure (Royer & Cunningham, 1978). These "form" schemata provide the 
basis for predicting the kind of structure and information inherent in 
certain types of discourse (Kintsch, 1977), and are prerequisites for 
comprehending similar but novel representations of information. For 
example, Stein (1978), who worked with first- and fifth-graders, con- 
cluded that children's expectations of story structure and how the text 
fulfills their expectations contributed to comprehending the stoiy. 

Prior knowledge is important to consider because the author does not 
put all the information in written discourse (Brown et al., 1°77; Reder, 
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1980; Schaw * Abelson, 1977; Kamil, Note 6). That is, even though the 
incoming information might not be explicit enough to fill the gaps in the 
schemata of some readers, comprehension can still be achieved if there is 
an adequate storage of relevant background knowledge (Wittrock, 1973), 
specifically, prior knowledge of topic, content, and form. Therefore, 
if students are, to be successful in comprehending general discourse, 
knowledge of the topics, content, as well as familiarity with the form 
and language (Reder, 1980; Smith-Burke, Note 9) of the discourse must be 
developed, reviewed, and cultivated. If there are any deficiencies in 
related prior knowledge, comprehension might be impeded. 

Schema Theory Extended to Graph Comprehension 

Similar to general discourse, graphs presumably also employ a schema 
which contains slots for certain aspects of the graph. The topic of the 
graph, which is identified by the title and the axes' labels, may be one 
of the factors for which prior knowledge is necessary for comprehending 
the mathematical relationships expressed in graphs. The mathematical 
content of the graph, including number concepts", relationships and funda- 
mental operations, may be another factor for which prior knowledge is 
necessary to aid in comprehending the message of the graph. Finally, the 
graphical form (restricted to bar graphs, circle graphs, line graphs, and 
pictographs in this study) may be a third factor for which prior knowledge 
is necessary for successful comprehension of the mathematical relation- 
ships expressed in graphs. This study examined all three factors. 
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Graphs 

The modern giaph evolved from the work of Rene' Descartes (\rkin & 
Coltou, 1940). For the mathematician, the graph is "an invaluable aid in 
the solution of arithmetic and algebraic problems, the solution of mathe- 
matical formulas, and the representation of relationships" (Arkin & 
Colton, 1940, p. 4). For the lay person, the graph is an aid for clar- 
ifying, organizing, and summarizing text material found in newspapers, 
magazines, and advertisements. 

Many mathematical concepts and skills are needed and can be develop- 
ed by communicating ideas using graphical forms (Smith, 1979; Sullivan & 
O'Neill, 1980; van Engen & Grouws, 1975). In order to be successful in 
mathematics, the ability to interpret information from a graph must be 
cultivated (Eagle, 1948). However, the ability to read and interpret 
graphs is a skill not limited to the study of mathematics (Fay, 1950; 
Goetsch, 1936; Harper & Otto, 1934; Janvier, 1978; Smith, 1979; 
Strickland, 1938/1972; Weintraub, 1967; Wrightstone, 1939). 

Purposes of Some Graph Studies 

The studies of researchers whose articles were reviewed were quite 
diverse. Some of the purposes of these studies were as follows: 

I. To examine the relative effectiveness of summarizing data using 
different graphical forms (Carter, 1947; Croxton & Stein, 1932; 
Culbertson & Powers, 1959; Feliciano, Powers, & K*arl, 1963; Goetsch, 
1936; Malter, 1952; Peterson & Schramm, 1954; Strickland, 1938/1972; 
Thomas, 1933; Turner, 1974; Vernon, 1946. 1950, 1952; Washburne, 1927a; 
Wainar, Note 10); 
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2. To identify achievement/aptitude factors as possible predictors of 
graph reading ability (Culbertson & Powers, 1959; Herrmann, 1976; 
Johnson, 1971); 

3. To examine the effect of instruction on demonstrating graph read- 
ing skills (Bamberger, 1942; Harper & Otto, 1934; Herrmann, 1976; Janvier, 
1978; Johnson, 1971; Halter, 1952); 

4. To examine the ability to retain information presented in graph- 
ical form (Herrmann, 1976; Price et al. , 1974; Vernon, 1946, 1950, 1951, 
1952; Washburne, 1927a, 1927b); 

5. To identify factors contributing to graphical interpretations 

(Janvier, 1978); 

6. To examine reading comprehension of text material accompanied by 
graphs (Feliciano et al., 1963-; Harper & Otto, 1934; Turner, 1974; 
Vernon, 1950, 1951; Washburne, 1927a); 

7. To examine how graphical information is encoded (Price et al., 

1974). 

Populations of Some 'Graph Studies 

The populations in the research studies reviewed were also quite 
diverse. Adults (Feliciano et al., 1963; Peterson & Schramm, 1954; 
Vernon, 1946, 1952), college students (Carter, 1947; Culbertson & Powers, 
1959; Feliciano et al., 1963; Price et al., 1974; Vernon, 1946, 1952), 
high school students (Culbertson & Powers, 1959; Feliciano et al., 1963; 
Janvier, 1978; Vernon, 1950, 1951), and elementary and/or intermediate 
school children (Bamberger, 1942; Goetsch, 1936; Harper & Otto, 1934; 
Johnson, 1971; Strickland, 1938/1972; Thomas, 1933; Turner, 1974; 
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Vernon, 1952; Washburne, 19273; Wainer, Note 10) have been the subjects 
: tested 'and studied. 

Children in the fourth grade and seventh grade made up the sample in 
the present study because it is by fourth grade that most of the prelim- 
inary, elementary work with graphs should have been accomplished (Board 
of Education of the City of New York, 1962), as well as the fact that by 
the fourth grade, children should have achieved a sufficient command of 
reading and ari'hmetic skills, the tools of learning, necessary for graph 
reading (Strickland, 1938/1972). It is expected that the developmental 
growth and achievement in graph reading ability would be identxfied by 
the seventh-graders (Bamberger, 1942), and if sex-related differences do 
exist, they might become manifest at this time (Armstrong, 1975; 
Callahan & Glennon, 1975; Fennema, 1974a, 1977, 1978; Maccoby, 1966b; * 
Suydam & Reidesel, 1969). 

Types of Grapha Studied 

Many of the research studies concerned with graph reading have 
incorporated many different types of elementary graphs, such as circle 
graphs, bar graphs, line graphs, and/or pictographs (Culbertson & Powers, 
1959; Feliciano et al., 1963; Goetsch, 1936; Harper & Otto. 1934; 
Johnson, 1971; Peterson & Schramm, 1954; Strickland, 1938/1972; Thomas, 
193i; Vernon, 1946, 1950, 1952; Washburne, 1927a; Wainer, Note 10) and 
some have included ramifications and/or more complex designs of these 
basic fonas (Bamberger, 1942; Culbertson a Powers, 1959; Herrmann, 1976; 
Janvier, 1978; Johnson, 1971; Peterson & Sch ramm, 1954; Price et al., 
1974; Turner, 1974; Vernon, 1946, 1950, 1951, 1952; Washburne, 1927a). 
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The four elementary graph-types are the most common graphs encoun- 
tered in the New York State (State Education Department, 1977) and New 
York City (Board of Education of the City of New York, 1962, 1979) mathe- 
matics curricula. Therefore, the types of graphs used in this study were: 
Circle graphs, bar graphs, line graphs, and pictogrsphs. 

Assessment of Graph Comprehension 

Some of the studies reported contained examples of graphs and the 
test items used to assess graph comprehension. For the most part, the 
levels of comprehension measured in each test reflected "task a" (requir- 
ing a literal reading of the data, title, or axes' labels} and "task b" 
(requiring comparisons and the use of mathematical concepts and skills to 
read "between the data"). "Task c" items (requiring an extension, pre- 
diction, or inference dependent upon prior knowledge to read "beyond the 
data") were not coanonly used. For example, Herrmann (1976) used only 
one multiple-line graph (designed without a title), accompanied by a 21- 
item test. The items reflected only "task a" (10 items) and "task b" 
(11 items). Johnson (1971) designed six graphs which were used as the 
pretest and the postteat. She constructed two circle graphs, one line 
graph, one pictograph, and two bar graphs. Each graph was accompanied by 
seven to nine items. Out of a total of 40 items, 32 would be classified 
as "task b" items. 

Some of the commerically available mathematics tests that include 
graph items also concentrated on testing "task a" and "task b" levels of 
comprehension. For example, sample graph items on NAEP examinations in- 
cluded a comparison of two circle graphs accompanied by two "task a" 
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items and one "task b" item, and a line graph accompanied by one "cask 
a" item and two "task b" items (NAEP, 1979b), Also, the two graphs on 
the Mathematics subtest of the Metropolitan Achievement Tests , Advanced 
Form JS, are multiple-bar and muliple-dot graphs. The five items (two 
and three respectively) are "task b" items (Prescott et al. t 1978). The 
two graphs on the Mathematics Concepts and Applications subtest of the 
California Achievement Tests , Book 14C, are a pictograph and a bar graph 
(Tiegs & Clark, 1979), The three items for the pictograph are "task a" 
(two items) and "task b" (one item), The two items for the bar graph are 
"task a" (one item) and "task b" (one item), 

A schema-theoretic approach to assessing- comprehension would .Include 
textually explicit (task a), textually implicit (task b), as well as 
scriptally implicit (task c) levels of comprehension (Pearson & Johnson, 
1978) so that the test items reflect the companion text as well as tap 
the readers' prior knowledge base. Also, with respect to graph reading 
ability, desirable skills that should be acquired by children include 
both interpreting and generalizing from the data presented (Kirk, Eggen, 
& Kauchak, Note 2). Therefore, in this study, questions reflecting the 
three tasks of comprehension (task a, task b f and task c) were ustd 
consistently with each of the graphs. 

Observed Deficiencies of Past Research 

With such vast differences among purposes of research studies, tar- 
get sampled, and types of graphs and test items used, any universal, con- 
clusive statement regarding graphs and graph reading ability would be pre- 
sumptuous. With the exception of Janvier (1978), Price et al.t (1974), 
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and a study presently being conducted by Consulting Statisticians, Inc. 
(Note 11), the role of cognitive factors in processing the information 
presented in graphical form has received very little attention. Also, 
there were certain problems related to design, methodology, and reporting 
of some of the earlier research. For example, MacDonald-Ross (1977) has 
questioned the validity and reliability of Vernon's (1946, 1952) early 
work because no samples of the table, graph and histogram were available 
to compare with the examples of the statistics cited, and the statements 
of results in the text are confusing when compared to the information in 
the tables presented (Veruon. 1946, 1950). Vernon's (1946, 1950, 1951, 
1952, 1953) as well as Washburne's (1927a, 1927b) studies have been crit- 
icized because their results may have been confounded with many unaccount- 
ed cognitive components (Consulting Statisticians, Inc., Note 11). Some 
of the graphs used by Vernon (1946, 1950, 1951, 1952, 1953) and 
Washburne (1927a, 1927b) were not constructed properly (MacDonald-Ross , 
1977; Strickland, 1938/1972). 

Prior Knowledge of Topic. Mathematical Content, and Form in 
Relation to Graph Comprehension 

Despite the weaknesses of the above-mentioned studies, they provided 
evidence to suggest the importance of different aspects of prior knowl- 
edge for graph comprehension. Several studies considered the issue of 
prior knowledge of topic, either using topics expected to be unfamiliar 
to th« aubUets or topics known by all children. One approach attempted 
to control for prior knowledge of topic by using graphs with unfamiliar 
topics. For example, Washburne (1927a) selected the topic of his graphs 
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and accompanying text to deal with the Economic history of Florence. He 
selected this topic because he assumed that the subject would be equally 
unfamiliar to all the students, Vernon (1950) selected information deal- 
ing with unfamiliar topics (population and mortality statistics) because 
she also assumed that the majority of those tested would not have knowl- 
edge of these topics. 

A second a uach attempted to limit the amount of prior knowledge 
needed to interpret graphs by using topics that reflected an expected 
common knowledge base. For example, the test designed by Harper and Otto 
(1934) was composed of only literal level questions based upon facts from 
the curriculum. In another study, Culbertson and Powers (1959) requested 
students to answer questions only based on information in the graphs, 
not from their background knowledge. However, it is questionable that 
students are aware and capable of differentiating between their back- 
ground knowledge and the isolated, literal information presented in the 
text (Brown et al., 1977). 

A third approach attempted to prepare children for graph tasks to be 
encountered by providing them with experiences to build their prior 
knowledge base. For example, Strickland (1938/1972) found it necessary 
to have teachers spend two weeks on building a background for the graphs. 
The preparation activities included teaching units with suggestions for 
historically developing the topics of the graphs to be presented, discus- 
sion periods for children to express their own experiences, literature 
and reading periods for children to expand their personal experiences, 
trips and field observations related to the topics of the graphs. 

i 
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Must the graph reader be familiar with the underlying mathematical 
concepts, or content, expressed in the relationships represented in 
graphical form? Goetsch (1936) indicated that a prerequisite for effec- 
tive graph reading is a command of arithmetic. More specifically, the 
difficulty encountered by Vernon's (1952) subjects who read graphs de- 
picting vital statistics (population and mortality rates), was attributed 
to an inadequate command of the underlying mathematical concepts (includ- 
ing ratio and percent) embedded in the graphic representation of the data. 
Similarly, the mathematical content embedded within the relationships 
expressed in the graphs used by Thomas (1933) was the cause of graph 
comprehension problems encountered by some of the younger children. 

Other studies suggest the importance of the form or structure of the 
graphs. Cropper (1963), Janvier (1978), and MacDonald-Ross (1977) indi- 
cated that individuals approach their tasks of graph reading, or visual 
discrimination, with varying degrees of related prior knowledge. Compre- 
hending graphic displays is dependent upon the readers' ability to dis- 
tinguish and discriminate among sizes, shapes, and directions. This vi- 
sual discrimination ability develops through relevant past experiences 
encountered with physical objects and events (Cropper, 1963). Also, hav- 
ing a repertoire of graphical forms stored in one's background knowledge 
and being capable of bringing it to bear, contributes to the reader's 
ability to comprehend the message in the graph (Janvier, 1978). Prior 
knowledge of graphical form may be a critical factor in the subject's 
ability to interpret the information in a visual display (Janvier, 1978; 
MacDonald-Ross , 1977). 
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Reading and Arithmetic Achievement in Relation to 
Graph Comprehension 

Other studies have found that general reading performance and the 
general ability to do arithmetic are correlated with comprehending mes- 
sages in graphs (Goetsch, 1936; Herrmann, 1976; Johnson, 1971). Goetsch 
(1936) identified fifteen frequently used skills for graph reading, but 
in order to use these skills students must "have a command of the funda- 
mental reading skills, and . . . have a command of the fundamental arith- 
metic skills" (p. 83). Herrmann (1976), who tested fifth-graders, was 
concerned with the effects of training students to read multiple-line 
graphs. The Iowa Teat of Basic Skills and a researcher-made multiple- 
line graph was administered to the children. The correlations between 
the scores on the multiple-line graph test and the reading and arithmetic 
subtests ranged from .40 to .54 (for subjects who were not trained in 
graph reading and who were able to refer to the graph to answer test ques- 
tions). Joftnson (1971) tested fourth-, fifth-, and sixth -graders . The 
Gates-MacGinitie Reading Test, the arithmetic subtest of the California 
Achievement Test, and a researcher-made graph test, among other tests, 
were administered to the children. She found the correlation between 
the scores on the graph test and the scores for reading .performance and 
arithmetic to range from .54 to .73 (for all cases within each grade 
level). She also stated that "The findings of this study would appear 
to indicate that ability in arithmetic is more closely related to graph 
reading ability than is general intelligence and reading ability" 
(p. 105). However, since a measure of arithmetic achievement was used, 
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the phrase, "achievement in arithmetic" should have been used rather than 
"ability in arithmetic." This study has attempted to identify the rel- 
ative importance of prior knowledge of topic, p-ior knowledge of mathe- 
matical content, and prior knowledge of graphical form with respect to 
comprehending the mathematical relationships expressed in graphs, inde- 
pendent of reading and mathematics achievement. 

Sex-Related Differences in Mathematics and Reading 

Some researchers have recognized that males tend to be superior to 
females in mathematics (Armstrong, 1975; Lamott, 1977; Maccoby & Jacklin, 
1974; Mullis et al., 1977; Rappaport, 1978; Sadker, Sadker, & Hicks, 
1980; Woody, 1931) and analytical ability (Armstrong, 1975), and that 
females tend to be superior to males in verbal ability (Armstrong, 1975; 
Lamott, 1977; Maccoby, 1966b; Maccoby & Jacklin, 1974; Mullis et al., 
1977) and reading (Asher, 1977; Gates, 1961; Gonder, 1977; Mullis et al., 

1977; NAEP, 1977). 

Reasons given for these academic differences included: 

1. Cultural norms for viewing 3ex roles (Aiken, 1974; Brozan, 1981; 
Callahan & Glennon, 1975; Ernest, 1976; Fauth & Jacobs, 1980; Fennema, 
1974b; Fennema & Sherman, 1976, 1977; Fox, 1977, 1981; Johnson 5, 
Greenbaum, 1980; Lamott, 1977; Rappaport, 1978); 

2. Brain development and functioning differ between the sexes (Aiken, 
1975; ".re Buys Better," 1980; Lamott, 1977; Restak, 1979); 

3. Sex hormones influence intellectual activity (Aiken, 1975; 
Lamott, 1977); 
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4. Sex-linked, recessive gene transmission of intellectual ability 
(Aiken, 1974, 1975; Fennema, 1974b; Lamott, 1977; Maccoby & Jacklin, 
1974); 

5. Spatial-visual development might be more advanced in males 
(Burton, 1979; Fennema, 1974b, 1975, 1977, 1978, 1980a; Maccoby, 1966b; 
Maccoby & Jacklin, 1974; Restak, 1979; Sells, 1980); 

6. Socio-economic status (Fennema, 1977; Fernema & Sherman, 1)77; 
Maccoby & Jacklin, 1974); 

7. Test items on achievement and ability tests, and school-related 
tasks might be sexually biased, that is, content might be male-oriented 
(Fox, 1977; Graf & Riddell, 1972; Janvier, 1978; Leder, 1974; Schonberger 
1978), or female-oriented (Asher, 1977; Johnson & Greenbaum, 1980). 

Some of the above-mentioned issues are in contention. For example, 
Sherman (1977) criticized some of the identified causes of sex-related 
differences, such as sex hormones and sex-linked, recessive gene trans- 
mission of intellectual ability. She indicated that the-e was no evi- 
dence to support these as factors contributing to sex-related differences 

'//hen and Under r «nat Circumstances Sex-Related differences Become 
Manifest 

For the most ^art, the sex-related differences in mathematics learn- 
ing are not evident in the early elementary grades (Fennema, 1974a, 1977. 
1973, 1980; Skypek, 1980; Stroud & Lindquist, 1942; Swafford, 1980), but 
become more pronounced in the upper elementary, junior high and senior 
high school years (Aiken, 1974, 1975; Armstrong, 1975. 1980; Callahan 6. 
Gleni.un, 1975; Fennema, 1974a; Fennema S Sherman, .978; fox, 1980; 
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Hilton & Berglund, 1974; Wolleac, Pedro r Becker, & Fannema, 1980). 

When differences do manifest themselves in the middle grades, gxrls 
tend to outperform boys on low level cognitive tasks (e.g., computation), 
and boys tend to outperform girls on high level cognitive tasks (e.g., 
application and analysis) (Carry, 1970; Jarvis , 1964). However, in 
Jarvis' (1964) study, boys with IQs greater than 115 surpassed girls of 
comparable intelligence in all aspects of arithmetic achievement. Al- 
though Wozencraft (1963) found that, in genera], third-grade girls were 
better in arithmetic than third-grade boys, differences were not as evi- 
dent in her sixth-grade sample, nor within high and low ability grr s. 

The results of Fennema and Shaman's (1978) study conflict with the 
findings of the National Longitudinal Study of Mathematical Ability 
(NLSMA) (Carry, 1970), Jarvis (1964), and Wozencraft (1963). Fennema 
and Sherman tested sixth- and eighth-grade boys and sirls (.7 - 1320), 
and concluded that: 

there are no universal sex-related differences 
in mathematics learning. Not only did females 
usually cqt perform better than males on compu- 
tation (a low level cognitive task), but males 
usually did not perform better than females on 
the higher level cognitive tasks . . . 
(p. 197) 

Although Jacobs' (1973) sample was much smaller (.7 - 80 seventh-graders) 
she also found no significant statistical differences between the sexes 
with respect to mathematics achievement in seventh grade. 

The results of Fennema and Sherman's (1978) work supplemented and 
extended the findings of a study investigating sex-related differences 
in mathematics of female and male ninth- through twelfth-graders from th 
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previous year (Fennema & Sherman, 1977). In general, sex-related dif- 
ferences with respect to cognitive variables were not found to be signi- 
ficant (with the exception of the results of two schools in which males 
outperformed females on spatial-visualization tasks). The researchers 
suggested that social class may be a contributing factor in sex-related 
differences (Fennema & Sherman, 1977). Women's changing role in society 
might also be contributing to the differences in achievement patterns 
resulting in many of the recent studies (Fennema & Sherman, 1978; 
Maccoby & Jacklin, 1974). As a result of these changing achievement pat- 
terns, it has been suggested that sex not be considered as a determining 
factor of individual differences, but instead, the teacher should be more 
concerned with the child's rate of learning, background experience, and 
general ability (Fennema, 1980b). 

A few researchers criticized some of the early major research find- 
ings. For example, Fennema (1977, 1980a) and Schonberger (1973) criti- 
cized the NLSMA studies for inadequately reporting, analyzing, and inter- 
preting the data. Another cause for concern was the lack of control for 
participation in mathematics (i.e., the number and type of mathematics 
courses taken). Armstrong (1980) claimed that the results of some stud- 
ies (including the first NAEP) were confounded with participation in math- 
ematics. The importance of includi:.^ participation in mathematics as a 
variable when examining adolescent and *dult sex-related differences was 
also stressed by Fennema (1977) and Fox (1977). It was concluded that 
sex-relatad differences become less pronounced when controlling for the 
number of years the subjects studied mathematics (Fennema & Sherman, 
1978). 
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Obviously taking heed of these results, Armstrong (1980) involved 
13-year-olds and high school seniors in a study and found that the cor- 
relation becween participation in mathematics and mathematics achieve- 
ment was among the highest (out of seven independent variables analyzed 
rfith mathematics achievement). However, even though the number of math- 
ematics courses was controlled for comparisons, the high school seniors' 
results still manifested sex-related differences (Armstrong, 1980). 

Benbrow and Stanley's (1980) results would appear to support the 
finding that controlling for the number of years students studied mathe- 
matics did not eliminate sex-related differences (Armscrong, 1930; 
Maccoby & Jacklio, 1974; Schonberger, 1978). However, careful inspec- 
tion of the vesults might indicate otherv-f<=e. Thay tested gifted sev- 
enth- *nr eighth-grade boys and girls and found maies were superior to 
fema^s in high cognitive mathematics tasks (including mathematical rea- 
soning) , but essentially no differences in verba 1 ability were identified 
("Are Boys Better/' 1980; Benbrow & Stanley, 1980; Kolata, 1980; "Why 
Are Boys," 1931). It has been recognized that at the time of early ad- 
olescence, there is greater variability among boys'^ general intelligence 
scores (Guilford, 1967). Since high IQ cases were used in the Benbrow 
and Stanley study, it might be expected that more boys' scores than 
girls' scotes would be located in the extreme high percentage area of the 
frequency distribution. Therefore, it must be questioned whether these 
results confirmed the existence of sex-related differences with respect 
to boys outperforming girls in mathematics. 
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Effect of Sex-Biased Test Items and School -Related Tasks on 
Differences in Performance 

It has been suggested that tests used to measure mathematics and 
reading achievement, as well as school-related assignments and tasks, 
are sex-biased (i.e., items and tasks are male- or female-oriented) 
causing sex-related differences. Janvier (1978) recognized that his 
graph on "Racing Cars" was sex-biased. The topic was more familiar to 
boys, and the tasks designed to accompany this graph proved to be more 
difficult fcr the high school girls. Leder (1974) presented boys and 
girls in the tenth grade (in Australia) with pairs of problems that 
contained stereotypically male and female situations. The subjects ex- 
pressed preference for the problems that illustiated traditional sex 
roles. Male and female college students were the subjects in Graf and 
Riddell's (1972) study, designed to determine whetner problem context, 
or the topic/situation of the problem affected success in solving it. It 
was found that the interaction between subject' sex and problem context 
accounts for perceived problem difficulty, but it did not interfere with 
solving the problem. 

Rel^zionshiv Among Sex, Verbal y and Mathematical Ability 

The correlation between verbal and mathematical ability was Iden- 
tified as early as 1912, by Edward L. Thorndike (Earp, 1969). More re- 
cently, in efforts to account for sex-related differences, Armstrong 
(1975) identified studies that confirmed Thorndike's observation. For 
example, Muscio (1962) found mathematical ability to be correlated with 
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reading factors which included paragraph meaning, reading to understand 
precise directions, and reading to note details. 

Despite the relationship that has been identified between language 
factors (Aiken, 1972), reading factors (Armstrong, 1975; Muscio, 1962), 
and mathematics-leariiiri < factors, sex-related differences have been re- 
ported. Fennema (1977, 1978), Fennema and Sherman (1976), and Fox (1977) 
questioned why females do not excel in mathematics since the verbal fac- 
tor is such a salient component of mathematics and females tend to be su- 
perior to males in verbal ability. Fox (1977) offered the following 
reason: 

Perhaps the verbal factor related to mathematics 
is somewhat different from the verbal factor tra- 
ditionally examined. In order to learn to use 
mathematics one must be facile with mathematical 
language. Language is vital to mathematics. 
Starting with numbers and numeration and contin- 
uing into the basic mathematical operations . . . 
mathematics has a highly specific symbolism and 
syntax which must be learned. As one progresses 
to higher mathematical levels, symbolism is in- 
creasingly used to express ideas- This symbolism 
is unique to mathematics; it is isolated within 
mathematics; and without a thorough knowledge of 
it, abstract mathematical thought is impossible. 
It would appear that while the verbal factor in 
mathematics might be very similar to the verbal 
factor in words, there are also differences. 
Conciseness is one difference.. One mathematical 
symbol is equivalent to many words resulting in 
a high concept density in 'mathematics writing. 
Another difference is the learning of the sym- 
bols. Learners are embedded in a social milieu 
which constantly bombards them with words. Not 
so with mathematical symbols. TJieir use is re- 
stricted to a great degree to mathematics classes 
in schools. Whether or not such a specialized 
verbal factor can be identified is unknown, but 
it appears reasonable that such a factor exists 
and that it might provide some understanding of 
sex-related differences, (p. 101-102) 
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On the other hand, Fennema and Sherman (1976) criticized the reported 
relationship between verbal skills and sex as "an overgeneralization M 
(p. 8). 

Armstrong (1975) suggested that when learning mathematics, females 
use their verbal ability (symbol-oriented development) and males rely up- 
on analytical ability. As a result of approaching the learning of math- 
ematics differently, Fennema (1975b) suggested that the development and 
reliance upon verbal ability might hinder the females^ development of 
spatial ability (which is a requisite for high-level cognitive tasks in 
mathematics (Fennema, 1977)). 

Investigating sex-related differences with respect to problem- 
solving, Meyer (1978) tested fourth-grade females and males. The data 
did not reveal achievement differences, suggesting that the intellectual 
strategies employed for problem-solving might be determined by sex. Al- 
so similar to the idea that males and females approach learning mathe- 
matics and mathematical problem-solving differently, Sheehan (1968) 
found "th^t sex is a difference that makes a difference ±u learning to 
solve algebra problems and that the sex differerce in problem-solving 
ability, cransfer, and reasoning . . ,. do, in fact, affect school learn- 
ing" (p. 86) for ninth-graders. On the other hand, Alexander (1962), 
who tested girls and boys in the seventh grade, did not find significant 
sex differences with respect to solving verbal arithmetic problems. 
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Sex-Related Differences with respect to Graph Comprehension 

Studies examining sex-related differences with respect to compre- 
hending the mathematical relationships expressed in graphs have been rel- 
atively few (Johnson, 1971; Strickland, 1938/1972; Vernon, 1950). Con- 
forming with some of the literature on sex differences in adolescence 
(Maccoby, 1966b; Maccoby & Jacklin, 1974), Vernon (1950) found that on 
the average, boys' performance was superior to girls' performance involv- 
ing the reading of charts, graphs, and tables, but no tests of signifi- 
cance were reported. However, Peterson and Schramm (1954) later report- 
ed that "There is nothing in the literature to indicate that sex makes a 
difference iP the accuracy with which graphs are read" (p. 187). 
Strickland's (1938/1972) study supported this statement. There were no 
sex-related differences with respect to graph reading ability in grades 
one through four. In contrast, Johnson's (1971) fourth-, fifth-, and 
sixth-grade girls' mean scores on the graph reading pretest and posttest 
were superior to the boys' mean scores (no tests of significance were re- 
ported). However, many of her graph test items required simple arith- 
metical computation in which it has been found that elementary school 
girls excel (Carry, 1970; Jarvis, 1964). 

To observe whether any sex-related differences exist with respect 
to graph reading ability, the results of fourth- and seventh-grade boys 
and girls were compared and analyzed in the present study. Seventh- 
graders were included in the study because if differences do occur, they 
become manifest at about the time of seventh grade, when children are 
about twelve or thirteen years old (Aiken, 1974; Armstrong, 1975; 
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Fennema, 1974a, 1977; Maccofay, 1966b; Rappaport, 1978; Suydam & Riedesel, 
1969). 

Summcxry 

Recent developments in cognitive psychology, in particular, schema 
theory, provide a framework for understanding comprehension of general 
discourse. Some researchers in mathematics education (Greeno, 1978; 
Silver, 1979, 1981) have applied some of the concepts of cognitive psy- 
chology in studies dealing with learning and comprehending mathematics. 
Specific kinds of mathematical relationships are expressed within a 
graphical framework. Analogous to general discourse, u^ing grapns to 
communicate information might be dependent upon the reader's prior knowl- 
edge and the ability to bring that knowledge to bear. The abstract, 
symbolic notation employed in graphs to depict specific kinds of mathe- 
matical relationships might be more meaningful to readers who have a 
prior knowledge base. 

Very few studies (Janvier, 1978; Price et al. f 1974) have examined 
the role of cognitive factors in processing this mode of presenting infor 
mation. Therefore, this research project has attempted to identify the 
effect of prior knowledge, specifically prior knowledge of topic, prior 
knowledge ti mathematical content, and prior knowledge of graphical form 
on comprehending the mathematical relationships expressed in graphs. 
Whether sex wa9 a contributing factor in graph comprehension, and how 
much of the variance of ' graph comprehension was attributed to prior 
knowledge independent of reading and mathematics achievement were also 
explored . 
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CHAPTER III 



RESEARCH DESIGN AND METHOD 



Instrmentatton 



Four assessment instruments were required for this study: a graph 
test measuring the comprehension of the mathematical relationships ex- 
pressed in four different graphical forms; a prior knowledge inventory, 
measuring prior knowledge of topic, mathematical content, and graphical 
form (designed to reflect the prior knowledge assumed to be needed to 
comprehend the graph items); and reading and mathematics achievement 



tests. 



Graph Teat 

As a result of a review of the literature , tests specially con- 
structed to measure graph-r*aing ability were identified. Since these 
tests were not valid for the purpose of this study, i ; . as determined 
that a graph test had to be constructed. Not only was it important to 
develop properly constructed graphs (Arkin & Colton, 1940; MacDonald- 
Ross, 1977) and to avoid excessive questioning that would stress low- or 
high-level cognitive tasks that might cause either sex to outperform the 
other (Carry, 1970; Jarvis, 1964), but it was also necessary to vary the 
topics of the graphs, the mathematical content in the graphs, and the 
graphical forms sc that there would be some graphs containing aspects of 
prior knowledge that would be familiar to "average" fourth- and seventh- 
graders, and others that would be unfamiliar. 
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The objectives (see Appendix A) were written aft»r consulting New, 
York City syllabi (Board of Education ot the City of New York, 1962, 
1979), a New York State Education Department bulletin (State Education 
Department, 1977), and NAEP booklets (NAEP , 1979a, 1979b). Suggestions 
for constructing graphs were also obtained from Arkin and Colton (1940), 
Eagle (1942), Goetsch (1936), and the Nuffield Foundation (1967). 

Twelve graphs were constructed: three bar graphs, three circle 
graphs, three line graphs, and three pictographs. During the development 
of the test, six fourth-grade students were interviewed. Students were 
interviewed individually, although keeping with public school policy re- 
quired children to leave classrooms in pairs. None of the children were . 
confronted with the same graph. Each child was given two different types 
.of graphs (one-at-a-time) to read (Janvier, 1978). Free response ques- 
tions were asked, and responses were taped. From their responses, dis- 
tractors for multiple-choice questions were written and questions were 
deleted or revised. As a result, each graph was accompanied by six mul- 
tiple-choice items. The six items reflected the three tasks of compre- 
hension. Two questions were "task a" items (requiring a literal read- 
ing of the data, title, or axes' labels); two questions were "task b" 
items (requiring comparisons and the use of mathematical concepts and 
skills to read "between the data"); and two questions were "task c" 
items (requiring an extension, prediction, or inference dependent upon 
prior knowledge to read "beyond the data"). The importance of arranging 
the items according to cognitive complexity was recognized at the time 
the six fourth-graders were confronted with the tasks. To avoid sex- 
biased items and possible influence of topic (Graf 6 Riddell, 1972; 
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Janvier, 1978; Leder, 1974; Schonberger, 1978), six of the graphs were 
designed to be neutral ("The U.S. Government's 1981 Dollar Budget," 
"The Number of Calories in One Cup of Some Milk Products," "The Number 
of 200 Brooklyn Elementary Schools in which Electronic Calculators were 
used during 1960 through 1980," "Average Time of Sunset," "The Gross 
National Product during 1969 through 1979," and "First Grade Enrollment 
in One Brooklyn School District in 1962, 1968, 1974 and 1980") and 
some of the others were designed to avoid sex-stereotypes ("How Terry 
Spends a School Day," "Height of the Rodriguez Children in March, 1980," 
"The Number of Children in Mr. Kahn's Class Celebrating a Birthday during 
Each Month of the Year," "The Number of' Books the Jones Children Read 
Per Month," and "Stamps Collected by Children"). 

Since a review of some of the schema theory lit^ature suggested 
that comprehension varies with the amount of prior knowledge, four of 
the twelve graphs were designed to have topics that would be unfamiliar 
to the "average" fourth- and seventh-graders ("The U.S. Government's 
1981 Dollar Budget," "The Number of Calories in One Cup or Some Milk 
Products," "The Gross National Product during 1969 through 1979," and 
"First Grade Enrollment in One Brooklyn School District in 1962, 1968, 
1974 and 1980"). Eight of the graphs were designed with topics that 
were expected to be familiar to the "average" fourth- and seventh-graders 
("How John Spends His Daily School Allowance," "How Terry Spends a School 
Day," "Height of the Rodriguez Children in March, 1980," "The Number of 
Children in Mr. Kahn's Class Celebrating a Birthday during Each Month of 
the Year," "The Nuuber of 200 Brooklyn Elementary Schools in wnich 
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Electronic Calculators were used during 1960 through 1980," "Average 
Time of Sunset," "The Number of Books the Jones Children Read Per Month," 
and "Stamps Collected by Children"). Twice as many topics expected to 
be familiar to the "average" fourth- and seventh-graders were selected so 
as to avoid the possible effect of a failure situation in the event that 
prior knowledge of „opic was determined to be a factor contributing to 
graph comprehension. 

The amount of prior knowledge of mathematical content and graphical 
form was also taken into consideration in the design of the graphs and 
the questions that were constructed. It was expected that some of t^2 
mathematical concepts and skills would not be familiar to "average" 
fourth- and seventh-graders (e.g., percent). It was assumed from in- 
pecting curriculum bulletins (Board of Education of the City of New York, 
1962, 1979) that fourth-graaers should have had some exposure to bar 
graphs, line graphs, and pictographs, and by seventh grade, students 
should have had some additional experience with circle graphs. To 
avoid having the order of the graphs influence students' performance 
(Carter, 1947), ten different randomly arranged orders of the graohs 
were presented to students. Table 1 describes the different arrangements 

of the Graph Test. » 

The score on the Graph Test (see Appendix A} can range from 0 to 72. 
The time needed for fourth- and seventh-graders to take this test was 
one frour. 
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Table 1 



Form Arrangements of the Graph Test 
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Note. The table of random numbers -from Guanther (1968) was used. 
One die was rolled to determine one of six possible pages, (p). Four 
dice were rolled to determine a row (r) on that page. 



a (p,r) designates the page (p) and the row (r) determined by using 
dice. Reference is made to GuenCher (1968). 

b Since Graphs 11 and 12 were arranged last quite frequently, two 
dice were rolled five times to determine which form arrangements 
should be reversed. Therefore, B, E, F, H, and J were arranged in 
reverse order to avoid Graphs 10, 11, and 12 from always occurring 
near the end in the test booklet. 
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YalidiiJ of the Jraph Test. Seven elementary /intermediate school 
teachers., each having more than five years of elementary /intermediate 
school teaching experience, were given the multiple-choice gr< oh test Ko 
determine the validity of the test items- The teachers were presented 
with the definitions of the three tasks of comprehension ("task a," "task 
b," and "task c") and examples of each. To determine the face valid- 
ity of the test items, they were asl.ed to identify each of the 72 graph 
items as either "task a," "task b," or "task c." The six ' ^ms accompany- 
ing each graph were arranged randomly to avoid the possibl recognition 
of any pattern of arrangement. Agreement of at least four out of seven 
teachers per item determined whether the item had face validity. This 
would indicate that there is an most a .167 probability that agreement by 
four out of the sevsn teachers would occur by chance on any single item, 
using the 3inomial Distribution Formula . Table 2 shows the number of 
teachers rating the tasks of the graph items in agreement with th- in- 
tended task. Twenty-three (31.9%) of the items had to be rated a second 
time because at least four out of the seven teachers did net agree on 
the task level (see Table i). The only item for which there was no agree- 
ment of four cut of the seven teachers with its intended purpose was item 
3 on Graph 7. However, this item was included as a "task b" item because, 
iu accordance with the definition, it requires a conparison of the number 
of calculator^ used in I960, 1970, and 1980, and it can be recognized that 
as the years progressed, the number of calculators used increased (which 
is visible by the .direction of the line). Four of the teachers rated 
this as ,% task c M on the second rating. 



Item 
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Table 2 

The Number* (tf) of Teachers Rating the Tasks if Graph Items in Agreement 

with the Intended Task 



Graph 



7 .000 



Task a N UN)* N PQg) N P(ff) N IM * 

, 4 .167 7 .000 d 6 C .001 5 .039 7 .000^ 5 .039 

d ? 000 d 7 000 d 7 <090 d 7 .000^ 7 .OOOd 



,c 



7 W 6 C .001 6 .001 6 C .001 A . 167 6 .001 

4 6 .001 ~ 6 .001 5 C .039 6 .001 4 . 167 A .167 



6 C .ooi 6 C .001 7 .000 d 4° .167 5 .039 6 .001 

6 C .001 5 C .039 4 .167 7 .000 d 4° .167 6 .001 



The Number (N\Ju out of 7. 

V</7) - The probability that at least N out of 7 teachers agree on the task of the item by chance. 

c l terns had to be rated a second time because there was no agreement (at least 4 out of 7 agreeing), 

the first time. Clarification and explanation preceded the second rating. 
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T.ble 2 (Continued) 



The Number 3 (AO of Teachers Rating the Tasks of Graph Items in Agreement 
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a Tlie Number ( N) ia out of 7. 

b H/vO ^ Hie probability that at least N out of 7 teachers agree on the task of the item by chance. 

C i terns had to be rated a second time because there was no agreement (at least A out of 7 agreeing), 
t\u titst time. Clarification and explanation preceded the second rating. 

4, No agreement (at least A out of 7 agreeing), was reached on the first nor second rating. 
*V(N) < .0005. 
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Table 3 



Number and Percentage of Graph Items Receiving Four or More Ratings 
in Agreement with the Intended Task 



Number in Agreement 



7 (Unanimous) 

6 

5 

4 



Number of Items 



Percentage of Total 



First Rating Second Rating Total 



Id 
14 
10 
7 



5 
9 
5 
3 



23 
23 
15 
10 



(N out of 72) 



31.9 
31 .9 
20.8 
13.9 



Totals 



59 



22 



71 



98.5 



Note. 23 (31.9%) of the items had to be rated a second time. 
Clarification and explanation preceded the rating. There was no agreement 
(at leant 4 out of 7 agreeing) on one item (1.4%), Item number 3 on Graph 7. 
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Since Royer and Cunningham (1978) indicated that teachers "are 
very sood judges of whether topical material will be in the knowledge 
repertoire of students in their charge," (p. 38), the seven teachers 
were asked to identify the topics of the graphs that would be familiar 
and unfamiliar to the majority of fourth- and seventh-graders. There 
was unanimous agreement that four topics (one for each type of graph) 
would be unknown to the "average" fourth-grade student. This was in 
agreement with the four graphs designed bv the researcher to be unfamil- 
iar (see pages 40-41). Five out of the seven teachets agreed that these 
four graph topics would also be unfamiliar to the "average" seventh-grade 
student. 

Teachers also identified the vocabulary and mathematical concepts, 
or content, they thought students should know in order to comprehend the 
information presented in graphical form. This was helpful in construct- 
ing the Prior Knowledge Inventory. 

Prior Knowledge Inventory 

The Prior Knowledge Inventory (see Appendix B) , consisting of three 
subtests (Topic, Mathematical Content, and Graphical Form) was designed 
following surveys compiled by Pearson, Cordon, and Hansen (Note 12), 
Pichert and Anderson (1976), and Weber (1979). However, due to the 
number of students tested and the wide scope of prior knowledge to be 
assessed, the free-response, open-ended style of these previous surveys 
was converted to a multiple-choice format. The scores on the subtests 

c 

of the Prior Knowledge Inventory range from 0 to 52 on the Topic subtest, 
3 to 64 on the Mathematical Content subtest, and 0 to 27 on the Graphical 
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Form subtest. To avoid having the order of the Prior Knowledge Inventory 
subtests influence students' performance, six different orders (the num- 
ber of permutations of the three subtests) of the Prior Knowledge 
Inventory were arranged (Carter, 1947). The time needed for this test 
was one hour and fifteen minutes. 

• The topic, mathematical content, and graphical form of each of the 
twelve graphs was identified, and the seven teachers (previously men- 
tioned) added or deleted information they thought was relevant or irrel- 
evant. Open-ended, free-response items were constructed and then re- 
written as multiple-choice items. The items were presented to six fourth- 
graders (different from the six used for the Graph Test interviews), who 
were encouraged to "think aloud" and make comments about the items under 
conditions similar to those for the Graph Test interviews. The students* 
comments were taped. From these responses the items were revised. 

Graphical form items were constructed so that only knowledge of the 
structure of the four different graph-types was tested (Kosslyn, Note 13). 
Each graph-type was examined to identify the way the data are displayed, 
the framework used for representing the graph (e.g., circle, horizontal 
and vertical axes), and the type of relationship that can be recognized 
visually. The items designed were abstract exercises because the graphs 
used for this subtest were topic- and numerically content-free. 

The Graph Test items and Prior Knowledge Inventory items were matched 
according 'o the prior knowledge assumed to be needed to respond correctly 
to the particular Graph Test items. See Appendix C for the Prior 
Knowledge Inventory items that are reflected in the Graph Test items. 
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Also, a key for matching the Graph Test items with the Prior Knowledge 
Inventory Items is available in Appendix C. C 

Hlot Study of the Tests 

Prior to administering any tests (for the pilot study as well as the 
study), permission was obtained from the Office of Educational Evaluation, 
the Board of Education of the City of New York, and the Community District 
Superintendent (see Appendix D) . Also, children participating in the 
pilot study and the study required parental consent (see Appendix D - 
a similar letter was constructed, disseminated, and collected for the 
pilot study). Once all of the permission letters and forms were received, 
interviews were conducted (as described in the Graph Test and Prior 
Knowledge Inventory sections) and the Graph Test and Prior Knowledge 
inventory were administered. The pilot tests were conducted during the , 
Spring, 1980. 

Graph Test results. Seventy-five fourth-graders were given the 
Graph Test, and KR-20 reliability of .89 was calculated. Sixty seventh- 
graders were given the Grap.i Test, ard KR-20 reliability coefficient of 

.88 was calculated. 

Prior Knowledge Inventory results. Sixty-seven fourth-graders were 
giver, the Prior Knowledge Inventory. A KR-20 reliability coefficient of 
.97 was calculated. The su' tests, Topic, Mathematical Content, aM 
Graphical Form had KR-20 reliabilities of .93, .97, and .93, respectively. 
Seventy-three seventh-graders were given the Prior Knowledge Inventory. A 
KR-20 reliability coefficient of .96 was calculated. The subtests, Topic, 
Mathematical Content, and Graphical Form had KR-20 reliabilities of .90, 
.95, and ,86, respectively. 
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As previously mentioned, the validity of the Graph Test and Prior 
Knowledge Inventory was determined by receiving feedback from seven 
elementary and intermediate teachers who each had more than five years 
teaching experience in elementary and intermediate schools. 

Heading and Mathematics Achievement Tests 

Standardized acnievement tests used in New York City (Joel, 1979) 
were reviewed (Buros, 1978). The Reading and Mathematics tests of the 
SSA Achievement Series (SRA) (Naslund, Thorpe, & Lefever, 1978) were 
determined to be the most appropriate standardized instruments for this 
study. Both Levels D and F (for beginning the fourth- and seventh- 
grades, respectively), have vocabulary and reading comprehension subtests 
for the Raiding Test, and mathematics concepts and computation for the 
Mathematics Tests. (Level F also has a problem-solving subtest, not used 
in this study.) The score can range from 0 to 56 on Level D of the 
Reading Test, and from 0 to 90 on Level F. For the both levels of the 
Mathematics subtest, the score can range from 0 to 70. The reliability 
of the subtests ranges from .88 to .94 for Level D, and .83 to .96 for 
Level F. By inspecting the New Ycrk City curriculum guides (Board of 
Education of the City of New York, 1962, 1979), as well as the NAEP 
reports (1979a, 1979b), it can be shown that these subtests have content 
validity, and item difficulty is comparable to the same levels of other 
standardized tests used in New York City (Joel, 1979; Prescott, Balow, 
Hogan, & Farr, 1978; Tiegs & Clark, 1979). 

Other criteria taken into consideration in selecting appropriate 
assessment instruments included the length of the test, clarity of 
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directions for administration, and scoring format. For Levels D and F, 
only one hour was needed for the Reading Test, and $5 minutes were needed 
for Level D and 90 minutes for Level F of the Mathematics Test. The 
amount of testing time was not overburdening for fourth- and seventh- 
graders. The directions for administering the tests were very clear 
and adequately detailed instructions were available in the manual. Very 
little special preparation was required^ to administer each test. This 
was a concern because procto^p were used to administer the tests. Level 
D had a hand-scorable format where answers were marked in the test book- 
let. This was a concern because fourth-graders have had very little ex- 
perience, if any, transferring answers from a test booklet to a separate 
answer sheet. Level F materia.1 included a test booklet and a separate 
answer sheet . 

There was no "Graph" subtest on the Mathematics Test nor were there 
any graph items throughout the test for both levels. This was a desir- 
able feature because the presence of graph items on the Mathematics Test 
might have caused a superficially high correlation between the independent 
variable, mathematics achievement, and the dependent variable, graph 
comprehension . 

The 1978 Edition of the SRA was not available at the time that the 
Association of Teachers of Mathematics of New York City (ATMNYC) Task 
Force reviewed the standardized mathematics tests used in New York City 
(Joel, 1979). Also, this edition was not reviewed in the Eighth Mental 
Measurements Yearbook (Buros, 1978). However, geometry, measurement, 
metrics, and practical application topics, scarcely found in the 1971 
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Edition (Joel, 1979), are sufficiently represented in the 1978 Edition 
(Naslund et al. , 1978). 

The Sample 

Fourth-graders were selected because it is by the fourth grade that 
most of the preliminary, elementary work with graphs should have been 
accomplished (Board of Education of the City of New York, 1962; NAEP, 
1979b), they should have "reached a minimally acceptable level of adult 
graphicacy" (Wainer, Note 10, p. 11), and, by the fourth grade, children 
should have achieved a sufficient command of reading and arithmetic 
skills needed for testing graph reading skills (Strickland, 1938/1972). 
Seventh-graders were selected because it is during the seventh grade 
that sex-related differences tend to become manifest (Armstrong, 1975; 
Fennema, lW4a, 1977 , 1978; Maccoby, 1966b; Suydam & Riedesel, 1969). 
Also, it is by the seventh grade that most of the instruction dealing 
with graphs should have been accomplished (Board of Education of the City 
of New York, 1979; Hogan et al., 1978), and that seventh-graders should 
have had more experience with bar graphs, line graphs, pictographs, and 
circle graphs. These experiences should account for more prior knowledge 
of graphical form, as well as more prior knowledge of topics and mathema- 
tical content. 

• The sample was chosen from one of the 32 New York City School 
Districts. There were four elementary schools, two junior high schools, 
and one K-8 school. The schools are located in stable (there is no 
constant influx or exodus of families from these communities) middle- 
class communities, but some children are bused from poor, disadvantaged 

Sii 



53 

communities. The study was designed so that the sample would be com- 
posed of at least four hundred children (100 fourth- and seventh-grade 
boys and girls). Information regarding sex and n\ative-English-speaking 
status was collected by having students check appropriate spaces on the 
cover sheet of the Prior Knowledge Inventory. Native-English-speaking 
students were selected to avoid any influence of foreign language 
background. 

It was found that an unexpectedly large number of students were not 
native-English-speakers (41.72 of the fourth-graders, and 44% of the 
seventh-graders). A very large percentage of the minority students was 
not native-English-speaking (89.12 of the fourth-grade minorities, and 
- 84.42 of the seventh-grade minorities). As a result, the racial status 
variable was deleted from the study because native-English-speaking 
minorities were inadequately represented. The analysis and breakdown of 
the sample by sex and minority/non-minority status is presented in Tables 
4 and 5. 

Thus, the sample consisted of 101 fourth-grade boys, 103 fourth- 
grade girls, 102 seventh-grade bovs, and 83 seventh-grade girls. Stu- 
dents who participated in the pilot study (Spring, 1980), and who were 
held over (i.e., were repeating the fourth- or seventh-grade in the 
Fall, 1980), were deleted from the sample. 

Despite having a few less subjects in the sample than originally 
expected, the fourth- and seventh-grade sample size still yield high 
statistical power greater than .94 for aedium size effect < < « -01) 
(Cohen, 1977, p. 91), and the sample size was consistent with the 
suggestions of Xerlinger and Pedhazur (1973) for the sample size needed 



Table 4 



Analysis ot Fourth-Grade Sample 
frcw 5 Brooklyn Public Schools 



ToTa" ;ade Total No. % of No. who had % with 

Enrollment ot Minorities Minorities Permission to Permission to 

Participate Participate 
(No. Tested) 



Subjects 

lioya 
rlt> 

Told I 



:>05 
235 
440 



48 
8b 



23 
17 

20 



205 
234 
4 39 



100.0 
99.6 



ho. of Native- 
English-Speakers 
with Permission 
to Participate 



122 
134 



99.7 



256 



% of 
Native- 
English- 
Speakers 

with 
Permission 



59.5 
57.2 
58.3 



No. of 
Native- 
English- 
Speaking 
Minorities 



Suh j et lb 
Boys 

Gj r tb 

Tot a J 



16 

12 

28 



Z >f 
.Native- 
English- 
Speakers 
who are 
Minority 



13. 1 
9.0 



No. of 
Complete 
Sets of 
Data of 

Native- 
Englibh- 
Speakerb 



10.9 



10) 
103 

204 



No. of 
Native- 
En g I ish- 
Speaking 
Minorities 
with 
Complete 
Sets ot 
Data 



15 



23 



% of 
Complete 
Sets of 
Data that 
Belong to 
Minorities 



14.9 
7.7 



% of Native- 

English- 
Speakers for 
Whom There 
are Complete 
Sets of Data 



82. 3 
76.9 



11,3 



79.7 



41- 




6o^ 



Table 5 



Analysis of Seventh-Grade Sample 
from 3 Brooklyn Public Schools 



"v «: "u\> lf i l<v h.xl 7 with No. of Native- % of 

Enrollment of Minorities mnoriti Participate Participate with Permission bnglish- 

(Wo, Tested) to Participate Speakers 

v " ' with 

Permission 



Siibjects 



Boys 
Cirls 
Tola I 



240 
221 



56 
49 



21.5 
22.0 



461 



105 



72.8 



No. of 
Native- 
Engl ish- 
Speaking 
Minorities 



% of 
Natlve- 
English- 
Speakers 
who are 
Minority 



Subjects 

Boys 
CI i lb 
Total 



21 
19 
40 



14.6 
16.8 
15.6 



No. of 
Complete 
Sets of 
Data of 
Native- 
English- 
Speakers 



102 
Hi 
185 



240 
219 



459 



No. of 
Native- 
English- 
Speaking 
Minorities 
with 
Complete 
Sets of 
Da ta 

13 

13 

26 



100. 0 
99.1 



99.6 



% of 
Complete 

Sets of 
Data that 
Belong to 
Minorities 



12.7 
15.7 
14.1 



144 
113 



257 



% of Native 

English- 
Speakers for 

Whom There 
are Complete 
Sets of Data 



70.8 
73.5 

72.0 



60.0 
51.6 



56.0 



( i 
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for a multiple regression analysis. The sample size also allows for 
minimal shrinkage of multiple R (Kerlinger & Pedhazur, 1973). 

Procedure and Data Collection 

In May, 1980, the researcher was invited to be a guest speaker at a 
Principals' Conference at the District Office. At this time, the 
principals were informed of the objectives of the research project, and 
tentative testing dates. Also, they were told that Title I schools 
(schools that receive money from the Federal Government to implement 
special programs for minorlty/disadvantaged students) were not going to 
be included in the study to avoid possible external effects of supple- 
mental programs. Seven principals volunteerea to allow their students 
to participate in the study. They were from four elementary schools, 
two junior high schools, and one K-8 school. ^ 

In early September, 1980, testing schedules were discussed with the 
seven principals. The researcher al?o visited each of the 29 classes to 
explain the research project to the children and distribute the per- 
mission letters. Prior to beginning the testing, all permission letters 
were returned and rosters were' prepared and typed. The testing was con- 
ducted in October, November, and the first week of December, 1980. 

Nineteen proctors were recruited ftom the Teacher Training Program 
at Saint Francis College. Each proctor had successfully completed a 
course in Tests and Measurements and had demonstr*ced competence in 
administering and promoting standardized tests. To insure uniform 
testing conditions (Tuinman, 1973-1974), orientation sessions were held 
for the proctors to review the expected time of arrival at feach testing 
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session; expected preparation procedures; expected proper attire; proc- 
toring assignments; tests, and test administration instructions. Each 
proctor received copies of the four tests, answer keys, directions for 
administering the tests, and maps of the location of the assigned schools. . 
Similar to Fennema and Sherman (1977), the proctors were assigned accord- 
ing to their availability. For the most part, each proctor was respon- 
sible for the same clas& for each of the four testing sessions. In addi- 
tion, twenty-nine teacher-training students, also from Saint Francis 
College, were enlisted to hand-score the papers. Each paper was checked 
by the researcher to assure accuracy of the ratings and recording of 
scores . 

Each of the four tests was administered during four different testing 
sessions. The Prior Knowledge Inventory was administered first to deter- 
mine the amount of prior knowledge of topic, mathematical content, and 
graphical form the students had prior to confronting the Graph Test. To 
avoid having any of the content of the Prior Knowledge Inventory fresh in 
the minds of the students when taking the Graph Test, at least four weeks 
lapsed before administering the Graph Test, and within this time the SRA 
Reading Test and the SRA Mathematics Test were given. 

Analysis of Data 

The research questions were investigated by correlational and multi- 
ple regression analyses for the fourth- and seventh-graders separately. 
To avoid having the results confounded with other cognitive components 
(Consulting Statisticians, Inc., Note il; Kosslyn, Note 14), and in ef- 
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torts to be as precise as possible in analyzing the data collected, sec- 
ond-order partial correlations, partialing out mathematics achievement 
and reading achievement, were computed to determine the unique contribu- 
tion of prior knowledge of topic, mathematical content, and graphical 
form to graph comprehension. First-order partial correlations, partial- 
ing out reading achievement from mathematics achievement , and partialing 
out mathematics achievement from reading achievement, were computed to 
determine the unique contribution of reading and mathematics achievement 
to the variance of graph comprehension. Sex, mathematirs achievement, 
and reading achievement were controlled in the regression analysis to 
determine whether prior knowledge contributed to the prediction of graph 
comprehension independent of any of these previously entered measures, 
information about which is readily available in the public school setting. 



CHAPTER IV 



RESULTS 

Prior to considering the research questions, the frequency distribu- 
tions and percentages of students taking the six different arrangements 
of the Prior Knowledge Inventory and the ten different arrangements of 
the Graph Test were inspected. Even though a near-equal representation 
of each test arrangement was distributed during each testing session, 
these distributions were inspected to determine whether there was a near- 
equal representation of each test arrangement among the complete sets of 
data. This was a concern because many sets of data were not included in 
the final a^lysis due to missing cases (see The Sample, Chapter III, p. 
52). The near-equal frequency distributions and percentages of the dif- 
ferent forms of the Prior Knowledge inventory and the Graph Test for stu- 
dents vho made up the sample for this study are reported in Table 6. 

Even though a pilot study was conducted, KR-20 reliability coeffi- 
cients were also calculated for the fourth- and seventh-grade sample of 
the study to establish the internal consistency of the instruments de- 
signed by the researcher. Similar to the high reliability coefficients 
of the researcher-designed test 3 administered to the pilot groups, high 
KR-20 reliability coefficients were also calculated for each researcher- 
designed test administered during the study (see Table 7). 

After inspecting the frequency distributions of the different ar- 
rangements of the tests and the reliability coefficients for each re- 
searcher-designed instrument, the zero-order correlations between in- 
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Frequency Distributions and Percentages of Students 
Taking Different Forms of the Prior Knowledge Inventory 

and Graph Test 







A 




Prior Knowledge Inventory 
Form 

BCD 


E 






Total 






37 




37 


30 


33 


33 




34 


204 


Fourth Graders 


% 


18 




18 


15 


16 


16 




17 






N 


30 




35 


35 


29 


26 




30 


185 


Seventh Graders 


% 


16 




19 


19 


16 


14 




16 








A 


B 


C 


Graph Teat 
Form 

1) E 


F 


0 


/ H 


I 


J Total 




N 


23 


22 


17 


26 16 


17 


23 


23 


17 


20 204 


Fourth Graders 


% 


11 


11 


8 


13 8 


8 


11 


11 


8 


10 




N 


21 


12 


21 


18 19 


19 


18 


16 


22 


19 185 


Seventh Graders 


% 


11 


6 


1 1 


10 10 


10 


10 


9 


12 


10 



frequency Distributions and Percentages 
b tf * Number of students. 
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Table 7 



Reliability of Researcher-Designed Tests 
Administered During Fall, 1980 



No. of Native-English- KR-20 

Grade No. of Items Speaking Subjects Reliability 



Graph 


A 


72 


232 


.89 




7 


72 


215 


.91 


Prior Knowledge Inventory 


A 


1A3 


>ul 


.96 




1 


1A3 


2A5 


.91 


Topic Subtest 


A 


52 


261 


.92 




7 


52 


2A5 


.82 


Mathematical Content Subtest 


A 


6A 


261 


.95 




7 


6A 


2A5 


.86 


Graphical Form Subtest 


A 


27 


261 


.90 




7 


27 


2A5 


.81 
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dependent measures were examined. Most of the fourth- and seventh- 
gradJ zero-order correlations yielded similar patterns. In particular, 
prior knowledge of topic and prior knowledge of graphical form had the 
highest positive correlation with reading achievement for both fourth- 
and seventh-graders. Also, in both cases, prior knowledge of mathematical 
content had the highest positive correlation with mathematics achievement. 
For fourth-graders, mathematics achievement had the highest positive 
correlation with reading achievement and prior knowledge of graphical 
form, and for seventh-graders, mathematics achievement had the highest 
positive correlation with prior -knowledge of mathematical content. In all 
cases, sex was least correlated with every measure. The zero-order 
correlations for all continuous measures were significant at p < .001. 
The zero-order correlations between sex and reading achievement, 
. mathematics achievement, and the dependent measure, graph comprehension, 
were very low, but significant (p *.03) for only the seventh-graders (see 
Table 8). The zero-order correlations of fourth- and seventh-grade results 
for boys and girls separately, are reported in Appendix E. 

The first six questions posed were examined using zero-, first-, and 
second-order partial correlations. Second-order partial correlations, 
partialing out mathematics achievement and reading achievement, were 
computed to determine the unique contribution of prior knowledge of topic, 
mathematical content, and graphical form to graph comprehension. First- 
order partial correlations, partialing out reading achievement from math- 
ematics achievement, and partialing out mathematics achievement from read- 
ing achievement, were computed to determine the unique contribution of 
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Table 8 



Zero-Order Partial Correlation Matrix for 
Fourth Grade (N = 204) and Seventh Grade (N * 185) 



Variables 



Sex 
Topic 

Mathematical 
Content 



Sex Topic 



11 



Mathematical 
Content 



.00 



06 .54** 



.09 
.37** 



Graphical Reading Mathematics Graph 

Form Achieveme* t Achievement Comprehension 



.00 .10 
.53** .65** 



.48** 



.43** 



.09 
.55** 

.52** 



.02 
.63** 

.61** 



Graphical 
Form 



,01 .46** 



.60** 



.58** 



.62** 



Reading 

Achievement 



.26'* .70** 



,50** 



.47** 



,58** 



.70** 



Mathematics 
Achievement 



.2/6* .46** 



. Oil** 



.40** .53** 



.67** 



Graph 

Compitriieniaiuii 



.44** .69** 



. fit)** 



en 



ty,>hts , The entries above Lh<s diagonal are the correlations for the fourth grade, 
tries below the diagonal are the correlations for the seventh grade. 



The italicized 



*p ^ .05. 

**/) ^ .001. 

a Males =0, Females =1 
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mathematics and reading achievement to graph comprehension, respectively- 
To determine the significance of the different between fourth- and sev- 
enth-grade males 1 and femalec' performance on each measure, t-test re- 
sults were also computed, analyzed, and reported. 

Questions Explored 

1. Is prior knowledge of topic related to comprehending the mathe- 
matical relationships expressed in graphs? 

The second-order partial correlation between the Topic subtest of 
the PrioL Knowledge Inventory and the criterion variable measured by the 
Graph Test, with reading and mathematics achievement partialed out, was 
,23 (p <L.Ql) for fourth-graders and .15 (p < .05) for seventb-graders. 
Although the correlations were low, they were both significant (see 
Taoie 9). 

2. Is prior knowledge of mathematical content related to comprehend- 
ing the mathematical relationships expressed in graphs? 

The second-order partial correlation between the Mathematical 
Content subtesc of the Prior Knowledge Inventory and the criterion vari- 
able measured by trie Graph Test, with reading and mathematics achievement 
partialed out, was .38 for fourth-graders and .34 for seventh-graders. 
Both correlations were significant (p^.Ol) (see Tau . 9). 

3. Is prior Knowledge of graphical form related to comprehending the 
mathematical relationships expressed in graphs? 

The second-order partial correlation between the Graphical Form 
subtest of the Prior Knowledge inventory and the criterion variable 
^asured bv the Graph Test, with reading and Mathematics achievement 



Table 9 

Second-Order Partial Correlation Matrix for 
Fourth Grade (A/ = 204) and Seventh Grade (N = 185) 
Controlling for Reading Achievement and Mathematics Achievement 



Var Labi i 



Topic 



Topic 



Mathematical 
Content 



.03 



Graphical 
Form 



15* 



Graph 
Comprehension 



23** 



Mathemat ica I 
Content 



<5i** 



,21** 



.38** 



Graphical 
Form 



t 24** 



Graph 

Ciitnp t elteus lull 



.11 



N(>tc. The entries above the diagonal are the second-order partial rot relations for the fourth grade, 
hiitries below the diagonal ate the second-order partial correlations tor the seventh grade. 



*/> ^ .05. 
**p .01 . 
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partialed out, was .24 (p*.01) tor fourtn-graders and .11 for seventh- 
graders. Only the second-order partial correlation for the fourth- 
graders, although low, was significant (see Table 9). 

«. is reading achievement related to comprehending the mathematical 
relationships expressed in graphs? 

The first-order partial correlation between reading achievement, 
measured bv the SRA Reading Test, and the criterion variably measured . 
by the Graph Test, with mathematics achievement partialed out, was .51 
for fourth-graders and .48 for se -.nth-graders . Both correlations were 
bignificant (p ^ -001) (see Table 10). 

5. Is mathematics achievement related to comprehending the mathe- 
aaticai relationships expressed in graph? ? 

The first-order partial correlation between mathematics achievement, 
measured by W.e SRA Mathematics Test, ana the criterion variable, 

-u r-^v, -««r with reading achievement partialed out, was 
measured ay the ^raph -esc, wicn '"^"5 

„j m Mr -even'^-zraders. Both correlations 
. ib for fourth-graders and .-+? ^e/e^w.. 0 "^ l » 

were significant (p 41.001) ' ae Table 10). 

6. Is sex related to comprehending the mathematical relationships 

* 

expressed in graphs? 

The zero-order correlation between sex and the criterion variable 
measured by the Graph Test, was found to be .02 for fourth-graders and 
.15 for seventh-graders. Although the correlation for seventh-graders 
was verv low. it was significant (?<-.05) (see Table 3). 
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Table 10 

First-Order Partial Correlations of 
Fourth- and Seventh-Grade Graph Comprehension Results 
with Reading and Mathematics Achievement 
Controlling for Mathematics and Reading Achievement, Respectively 



Graph Comprehension 

Control 

Variable Fourth-Grade Seventh-Gra^ : Variable 

Reading ' Mathematics 

Achievement .51* .43* Achievement 

Mathematics Reading 

Achievement .46* .49* Achievement 



*r? < .001. 
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To determine the significance of the difference between the mean 
scores for fourth- and seventh-grade males and females with respect to the 
independent measures, as well as the dependent measure, multiple t-tests 
were computed. To avoid compounding' the probability of a Type I error in 
computing multiple .-tests on the same set of data, the level of signifi- 
cance was set at .01 (for a two-tailed test), calculated by using the 
formula, p - 1 - U - * ^ere ? " •<*• and K - 6 (Hays, 1973 , p. 611). 
None of the differences between the mean scores for fourth-grade males and 
fences was significant (see Table 11). Only the deference between the 
.ean scores for seventh-grade males and females for mathematics achievement 
was significant in favor of females (see Table 12). 

Zero-, first-, and second-order partial correlations, discussed for 
total fourth- and seventh-grade cases in Questions 1 through 5, were also 
examined for boys and girls separately. These are reported in Appendix =. 

7. Wnat is the optimal linear combination of .he independent variables 
in terms of predicting comprehension of mathematical relationships ex- 

pressed in graphs? 

A hierarchical multiple regression procedure was used to explore 
this question. Since studies have identified a correlation between 
arithmetic and reading achievement and graph reading ability (Goetsch, 
193 6; Herrmann, 1976; Johnson, 1971), it was questioned whether prior 
Pledge of topic, mathematical content, and graphical form of the 
graphs significantly contribute independent- of mathematics and reading 
achievement to the prediction of graph cc rehension. Children's mathe- 
MCics and reading achievement scores are readilv available ia the public 
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Table 11 

Means, Standard Deviations, and ^-Values for 
All Variables for Fourth Grade 



Variabh 



Topic 



Boys 
(n=101) 



M 



27.76 



3D 



10.34 



Girls 
(^103) 



M 



27.84 



10.37 



.05 



All Cases 
(n~204) 



M 



SD 



27.80 10.33 



Malhemat ical 
Cont cut 



33.39 



15.44 



35.95 



12.38 



1.31 



34.68 



14.00 



Gi dallied I 
Fo rin 



16.14 



6.53 



16\15 



5.J7 



.01 



16. 14 



5.9J 



Reading 

Achievement 



39.67 



9.70 



41 .53 



9.15 



1.41 



40.61 



9.4! 



Mathemat ics 
Ach ievement 



46.20 



1 i . 99 



48.49 



U- r) 9 



1.24 



47. i5 



1 1.18 



Graph 

Comprehension 30.49 



11 .65 



30.97 



10.52 



31 



30. 7 J 



11.07 



Ns>U. df = 202. 
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Table 12 



Means, Standard Deviations, and t-Values for 
All Variables for Seventh Grade 



Vat id biet, . 

Topic 

Mathemal leal 
Content 



Eoys 
(n=102) 



M 



38.86 



51 .08 



6.38 



6.67 



Girls 
<n=83) 



M 



SD 



40.07 



51.34 



4.22 



5.85 



1.48 



.82 



All Cases 
(n=185) 



M 



39.41 



51.42 



ID 



5.54 



6.31 



Graph ica I 
Ki>rm 



2i .89 



3.25 



21 .93 



3./"7 



.07 



21.91 



3.48 



Head ing 

Achievem int 



51 .53 



15.17 



56.11 



13.68 



2.13 



53.58 



14.66 



Mdlli'-'nat irs 

Acli i »-v<*ment 



\\ .63 



11 .84 



17.12 



10.9'. 



3.25* 14.09 T.74 



* )C d(.'ll 

Comprehension J9.86 



.V, U. if - 181. 
*i. / .01. 



11.75 



43.24 



10.46 



2.04 



41 . 18 



11 .28 
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school setting. Whether prior knowledge should be assessed prior to 
presenting a unit on graph reading to children, can be determined by an- 
alyzing the unique contribution of prior knowledge by controlling for 
matnematics and reading achievement. Also, this procedure is consistent 
with the correlation analyses for Questions 1 through 3. 

There is insufficient research available to support an order of 
entry for the thrae aspects of prior knowledge. Therefore, prior Knowl- 
edge of topic, mathematical content, and graphical form were entered 
last as a set in the regression equation. 

The fourth- and seventh-grade results were analyzed for boys and 
girls separately. Since the differences in regression slopes were 
negligible, onl 7 the results of the fourth- and seventh-grade total 
cases are reported and discussed. 

Tables 13 and 14 illustrate the regression analysis for each step 
if inclusion for fourth- and seventh-grade, respectively. In the fourth- 
grade analysis, sex entered first into the equation was not significant. 
It can be observed in Table 13 that sex accounts for virtually no por- 
tion of the variance of graph comprehension. On the other hand, sex 
entered first into the seventh-grade equation contributed very little 
to tne variance of graph comprehension v only 2*<;, but this contribution 
was significant (r < .05) (see Table U). The meaningf ulness of such a 
small contribution to the variance of graph comprehension is questioned. 

Since the variables were entered cumulatively, the significance test 

2 2 

for the change in multiple R (^R ) was calculated. For both tourtn- 
and 3eventh-graders , mathematics and reading achievement accounted for 
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Fourth-Grade Total Cases 
Hierarchical Regression Analysis for Graph Comprehension 



2 - 2 

Equation Variable(s) Entered R R I £ 

1 S ex a .000 .022 .10 

2 Mathematics 

Achievement 
Reading 

Achievement .598 .773 99.15* .598 143.76* 



3 Topic 

Mathematical Content 

Graphical Form .681 .825 70.13* .083 17.09* 



:icce. n - 204. 
*p z_ .01. 

a Males 3 0, Females = 1. 

Table 14 

Seventh-Grade Total Cases 
Hierarchical Regression Anal;, ..is for "raph Comprehension 



2 

Equation Variable(s) Encored R R - r AR 



^>ex 



a .022 .1^9 4.17* 



Mathematics 

Achievement 
Reading 

Achievement 

Topic 

Mathematics Content 
Graphical Form 



,600 .774 90.31** .578 130.77* 



,647 .304 54.36** .047 7.90** 



'Joze. k * 135. 

*v ^ .05. 
**r < .01. 

a Maies * 0, Females - I. 
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a significant portion of the variance of graph comprehension (- C .01) 
(see Tables 13 and Li). Entering prior knowledge of topiq, mathematical 
content, and graphical form as a set last in the equation also contrib- 
uted a significant portion of the variance of graph comprehension (r<.01) 
(see Tables 13 and 14). Therefore, prior knowledge is a predictor, 
over and above that of mathematics and reading achievement. 

The optimal linear combination for the fourth-grade regression 
equation included ail of the variables except sex. Sex was not a unique 
contributing factor in fourth-graders 1 ability to comprehend the mathe- 
matical relationships expressed in graphs, i.e., sex did not predict ^ 
fourth-graders 1 succasa in graph comprehension (see Table loj. 

The optimal linear combination for the seventh-grade regression 
equation included only mathematics achievement, reading achievement, and 
prior knowledge of the mathematical content employed in the graphs. Sex, 
oner knowledge of topic, and prior knowledge of graphical form were not 
anique contributing factors in the seventh-graders" ability to comprehend 
the mathematical relationships expressed in graphs (see Table 16). 



Table 15 
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Fourth-Grade Total Cases 
Variables in the Regression on Graph Comprehension Equation 



Variable 


Beta 




F 




.05 




1.49 


Mathematics Achievement 


.21 




14.13** 


Reading Achievement 


.29 




23.76** 


Topic 


.06 




9.25** 


Mathematical Content 


.26 




28.53** 


Graphical Form 


.10 




3.98* 


:ioze. if = 1/197. 








*p C .05. 








**? ^ .01 . 








is = 0 , Females 31 1 . 


Table 16 












Seventh-Grade Total 


Cases 




Variaoles in the Regression 


on Graph 


Comprehensio 


n Equation 


Variables 


Beta 






Sex a 


.01 




. U J 


Mathematics Achievement 


.30 




21.67* 


Reading Achievement 


.33 




23.32* 


Topic 


.04 




.30 


Mathematical Content 


.26 




17,95* 


Graphical Fon 


..05 




.73 



laze. if - 1/173. 
*r < .01. 



Slales ■ 3. Females ■ i. 
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CHAPTER V 



DISCUSSION AND CONCLUSION 



The present study examined the effect of prior knowledge on the 
ability to comprehend the mathematical relationships expressed in graphs 
oy using a schema-theoretic fram-jwork. Readinz achievement, mathematics 
achievement, and sex were also examined to determine whether the contri- 
bution uf prior knowledge to the prediction of variance in graph compre- 
hension was independent of these other independent variables. 

The results of this study must be interpreted with caution because 
the sample was not random. However, although the findings are limited, 
generalizations can be made to a similar urban, native-English-speaking 
fourth- and seventh-grade public school population, ccnrrcnted with 
similar tasks designed for tnis study, under similar conditions. 

la an effort to examine the global features of prior knowledge with 
respect to graph comprehension, tnree aspect* of prior knowledge were 
identified — pnor knowledge of topic, prior knowledge of matnematioai 
content, and prior knowledge of graphical form. The saiiency of these 
dli.erent aspects of prior knowledge with respect to graph comprehension 
seems to be affected by developmental differences; i.e., younger chil- 
dren's ability to comprehend graphs seems to be more dependent upon 
certain aspects of prior <cnowleage than tnat of older children. In any 
ta.-,e, tne results of this study suggest tnat the schema-theoretic oerspec- 
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tive for understanding the cooprchensi-n o£ general discourse should be 
extended to include graph comprehension. 

One possible way of interpreting the resuxts of this study is to 
make an analogy between graph comprehension and general discourse compre- 
hension by using Noam Chomsky's terms, "deep structure," and "surface 
structure" (Smith-Burke, Note 9). It is possible that cues for retrieving 
information about the topic of the graph and the graphical form of the 
graph come from the "surface structure" of the graph, which might include 
the title, axes' labels, and the graphic configuration (e.g., horizontal 
and vertical axes, or a circle). These two aspects of prior knowledge 
, io h f b * utilized more easily in comprehension than that of mathematical 

*** — '3** " " 

content, for which there seems to be a more conpiex, "dee? structure." 
The mathematical relationships depicted by a graphic display might not be 
as obvious for children to identify, especially x: they are unfamiliar 
with the mathematical content employed in the graoh, or they are not adept 
at interpreting the symbolic notation that can act as a cue for retrieving 
relevant background knowledge to aid in comprehension. 

Having prior knowledge of the topic of the grapn seems t > be more 
important for £ ourtn-graders than for seventh-graders when attempting to 
comprenend the message within grapns. This is indicated by the fourth- 
and seventh-grade regression equations. Prior knowledge of topic uniquely 
contributed to the prediction of graph comprehension for f our th-graoers , 
but not foJ seventh-graders. This suggests that fourth-graders, m 
general, have a more restricted general or global knowledge ^ase, and 
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need as much pertinent information about the new task being confronted 
as possible. It may also be the case that fourth-graders cannot treat 
the mathematical content abstractly^br independently, and must relate 
it to concrete terms, such as the topic of the graph; i.e., for fourth- 
graders, mathematical content might be tied to given topics which might 
inhibit their comprehension of the message in the graph. 

A3 students grow older, their general background knowledge base 
increases and perhaps students do not focus as much attention and/or 
concern on the topic of the graph. Also, by seventh-grade, students may 
have become more adept at abstract thinking. They can perhaps more ef- 
fectively employ default procedures or retrieve related information in 
long-term memory by using the surface structure cues so as to fill in the 
"gaps" in their schemata relating to the topics of the graphs. 

Implications. Communicating in graphical form might be too abstract 
for young children. The topic of the graph might be the only means by 
which young children can relate this abstract structure to something 
concrete and hence, be meaningful to them. Since the topic of the graph 
can be thought of as part of the surface structure of the graph which 
is easily recognized, it is suggested that teachers prepare young chil- 
dren for tasks that involve graph reading by helping them to build their 
prior knowledge for the topic of the graph. Pre-graph reading sessions 
involving concrete and/or semi-concrete activities might help children " 
build necessary topic schemata that might make the graph more meaningful 
to them. This can be done by using representational models or pictures, 
allowing children to explain what they know about the topic, and /or 
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planning field trips related to the topic of the graph. Such pre-graph 
reading activities were designed by Strickland (1938/1972). 

Prior Knowledge of Mathematical Convent 

Inspection of the second-order partial correlations and the fourth- 
and seventh-grade regression equations seems to indicate that prior knowl- 
edge of the mathematical content employed in the graphs is the most sa- 
lient contributor to graph comprehension out of the three aspects of 
prior knowledge. As previously mentioned, the mathematical content is 
implicit in the graph, represented as a deep -structure . Fourth- and 
seventh-graders' lack of familiarity with the underlying mathematical 
concepts used as part of the deep structure of the graph, or their in- 
ability to recognize cues to help retrieve relevant." information, seems to 
impede graph comprehension. This interpretation highlights Thomas' (1933) 
and Vernon's (1952) observations. Students who are unable to understand 
concepts .and perform fundamental operations when isolated from the graph 
and explicitly stated, would be limited in comprehending the message in 
the graph which is depicted by these implicitly stated mathematical rela- 
tionships. 

Imputations. As a result of the apparent importance of prior knowl- 
edge of mathematical content with respect to graph comprehension, there 
are two suggested activities that teachers might consider to incorporate' 
in their lessons on graph reading. The first is that children, fourth- 
graders as well as seventh-graders, should be actively involved in col- 
lecting "real -world" data to construct their own simple graphs. Children 
should be encouraged to verbalize the relationships and patterns observed 
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among collected data (e.g # * f larger than, twice as big as, continuously 
increasing). In this way, the application of mathematics to the "real- 
world" might eiJiance students' concept development and build and expand 
relevant mathematics schemata needed tor comprehend the implicit mathe- 
matical relationships expressed in graphs. Graph activities similar to 
the ones suggested, but more advanced, were used with high school stu- 
dents in Janvier's (1978) study. 

The second suggestion is to teach or review the relevant mathematical 
concepts needed to interpret selected graphs prior to distributing the 
graph activities to the children. This pre-graph reading activity might 
help children recognize the mathematical concepts in the deep structure 
of the graph and/or enhance the retrieval of the relevant prior knowledge 
that might make the message in the graph more meaningful. 

Prior Knowledge of Graphical Form 

Having prior knowledge of the form of the graph seems to be more 
important for fourth-graders than for seventh-graders. This is indicated 
by the fourth- and seventh-grade regression equations. Prior knowledge 
of graphical form uniquely, contributed to the prediction of graph compre- 
hension for fourth-graders but not for seventh-graders. This suggests 
that fourth-gra4ers, in general,* might have a more restricted knowledge 
base with respect to the configuration of graphs and they might need as 
much specific information relevant to the new task as possible. ,Also, 
similar to Bestgen's (1980) and Janvier's (1978) observations, young 
children might not be adept at scanning the graph to locate important 
features of the graphical form (e.gi, the key in a pictograph). 
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By seventh grade, it is expected that students have had more mean- 
ingful encounters with a variety of graph-types, enabling them to scan . 
the surface structure more effectively. Also, students at this age 
might have become more adept at abstract thinking. Therefore, students 
might not be confined to' the concrete dimensions of the configuration of 
the graph. They might also be more adept at relating the prior knowledge 
they have stored regarding one graph-type to an unfamiliar type more 
easily than fourth-graders. Also, similar to their facility with prior 
knowledge of topic, seventh-graders can perhaps more effectively employ 
default proceduresor retrieve related information in long-£erm memory 
by using the surface structure cues so as to fill in the "gaps" in their 
schemata relating to the form of the graphs. 

implications. The symbolic notation and" configuration character- 
istic of graphs might be too abstract for young children. The- surface 
structure depicted by the form of the graph might distract children from 
the essence of the message. Therefore, two activities that teachers 
might consider to incorporate in their lessons on graph reading are sug- 
gested. One activity might use the same graph-type for two different 
but appropriate situations. Children should be encouraged to observe 
and discuss the similar features ^^phtz&l form) of both graphs. The 
differences (including the topic and perhaps the mathematical content) 
should also be discussed. In another *ctivity, children could be ex- 
posed to other appropriate graph-types that can be used to express the 
same data, only the visual display would be different, but the essence 
of the message would be the same (e.g., bar graph and pictograph types 



9j 



81 
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can be compared for similarities and differences). Children should a\ao 
be encouraged to discuss their observations with respect to the two dif- 
ferent graph-types. These activities might help children to build rel- > 
evant graphical form schemata so that they do not becoraejiistracted by 
the surface structure which might prevent them from extracting the mes- 
sage of the graph. 

Reading and Mathematics Achievement, Prior 
Knowledge, and Graph Comprehension 

Achievement and Prior Knowledge 

With respect to the zero-order correlations, prior knowledge of 
topic and prior knowledge of graphical form were most highly correlated 
with reading achievement. The Topic subtest of the Prior Knowledge 
Inventory contained many vocabulary items, which may be the component 
that could hav J contributed to the high correlation. The Graphical Form 
subtest, however, was constructed to be topic- and numerically content- 
free. Such a high correlation between graphical form and reading 
achievement supports Fox's (1977) contention with respect -to verbal fac- 
tors and mathematics in general; that is,. that there might be a special- 
ized verbal factor underlying the language of graphs. The symbols and 
syntax used in graphic displays are unique and limited to such forms of 
communication. 

As expected, prior knowledge of mathematical content was most highly 
correlated with mathematics achievement (with respect to the zero-order 
correlations). However, knowledge about the mathematical content partic- 



erJc iuo 



82 

ular to the graph being read contributed to comprehending the messagfe in 
the graph independent of mathematics achievement for both fourth- and 
seventh-graders. 

Implications. The different aspects of prior knowledge seem to be 
positively correlated with the two global predictors- of success in school- 
related tasks, reading and mathematics achievement. Therefore, teachers 
should design activities that help children build and expand relevant 
schemata by providing them with opportunities to verbalize any abstract 
concepts, especially those related to mathematics in general. 

Many abstract concepts are communicated via graphic displays. The 
graphic representation is equivalent to many words. The concept density 
is very high which implies the need for a rich prior knowledge base. As 
previously mentioned, teachers should encourage children to describe, 
explain, and discuss what they "see" in graptis. This might assist the 
students in refining necessary schemata. 

Achievement and G. n aph Comprehension 

In agreement with other researchers who explored reading and arith- 
metic achievement in relation to graph comprehension (Goetsch, 1936; 
Herrmann, 1976; Johnson, 1971), it was found that ability to comprehend 
the mathematical relationships expressed in graph* is positively correlated 
with mathematics and reading achievement. This finding is not surprising 
since reading and mathematics achievement are global predictors of success 
in school-related tasks, which include graph reading and comprehension. 

Implications. The results of this study suggested that other 
factors be considered when examining graph comprehension. For fourth- 
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graders, these factors include prior knfew}.edge of the topic of the graph, 
prior knowledge of mathematical content employed in the graph, and prior 
knowledge of the form of the graph. For seventh-graders, prior knowledge 
of math em atical content should be considered. Teachers might assess readi- 
ness for graph activities by constructing inventories to identify the rele- 
vant aspects of prior knowledge acquired by students prior to presenting 
the graph tasks. If there are any gaps in the students 1 graph schemata, 
pre-graph reading activities, described previously, might enhance children's 
readiness for comprehending graph-related tasks. 

Sex-Related Differences 

Sex-Related differences With respect to Achievement • - 

The results of this study support the previous rersearch indicating 
that there are no significant sex-related differences in elementary school 
(V-nnema, 1974a, 1973, 1980a; Skypek, 1980; Stroud & Lindquist, 1942; 
Swafford, 1980)., Similar to other observations (Armstrong, 1975; Callahan 
& Glenaon, 1975; Fennema, 1978; Waters, 1980), sex-related <fif fetences did 
appear to be more pronounced in early adolescence. However, the difference 
in mathematics achievement was in* favor of the girls; i.e., seventh-grade 
girls significantly outperformed boys in mathematics achievement. 

Implicationo. It is possible that this change in expected patterns 
of achievement, i.e., girls outperforming boys in mathematics achievement, 
. might be attributed to woman's changing role in society (Fennema & Sherman, 
1978; Maccoby & Jpcklin, 1974). Teachers should continue to equally en- 
courage girls and boys to develop their reading and mathematics skills to 
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their fullest potential. Caution should be taken so that cultural, sex- 
role, stereotypes do not influence students* perceptions of different 
school-related tasks. For example, boys should be encouraged to develop 
their reading skills arid not. look upon reading as a "female domain." 
Girls should be encouraged to develop their toathematics skills and not 
look upon mathematics as a "male domain." The responsibility of pronjot- 
ing positive attitudes toward different school-related tasks cannot be 
limited to the classroom teacher. Parents must be recruited to reinforce 
these positive attitudes at hoire if they do not already do so. 

Sex-ReVaied Differences with respect to Prior Knowledge 

' With respect to prior knowledge, there is vejyv^ttle evidence of 
"sex-related differences. However, tt^ics thrfrtwere neutral and free from 
sex-role stereotypes were selected purposely for this study and graphical 
form item* were designed to be topic- and numerically content-free. No 
identification of significant sex-related differences with respect to 
prior knowledge of mathematical content might imply that girls and boys 
who were subjects in this study had similar pr related experiences with 
this aspect of prior knowledge. 

Sex-Related Differences with respect to Graph Comprehension 

The results of this study support Strickland* s (1938/1972) obser- 
vations that there are no significant sex-related differences with re- 
spect to graph comprehension in fourth-grade. Testing and inspecting 
the seventh grade means of boys and girls yield the same results. It is 
possible that no significant sex-related differences occurred because 
graph test items were constructed to reflect three different levels of 
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comprehension equally represented throughout the graph test, and graphs 
were designed to be neutral and free from sex-role stereotypes. 

Implications. The possibility that sex-related differences might 
be attributed to school-related tasks that are either male- or female- % 
oriented was suggested by some researchers (Asher, 1977; Fox, 1977; 
Graf & Riddell, 1972; Janvier, 1978; Johnson & Greenbaum, 1980; Leder, 
1974; Schonberger, 1978). Similar to the attempts made in this study, 
efforts must be made to control school-related tasks so that these tasks 
do not favor boys or girls in competitive or norm-referenced situations 
(e.g., test items designed by test publishers and/or classroom teachers)* 

Recommendations for Future Research 

Originally it was the intent of this study to examine minority group 
performance on comprehending the mathematical relationships expressed in 
graphs, but due to an inadequate representation of native-English-speak- 
ing minority students, this aspect of the problem had to be deleted (see 
The Sample, Chapter III, p. 52). Including minority group performance ^ 
was a concern because many scientific and technologically-related 
pations in which few minority groups are represented, rely upop/fcnowledge 
of graphical forms (Chipman, Note 1). Therefore, it is ^mfcortant to 
determine whether ethnic/minority group members are^being excluded from 
these, fields because of an inadequate prior kjadwledge base to perform 
graph reading tasks. Studies that examine the effect of prior knowledge, 
ethnic/minority status, socio-ecojvotaic status, and/or sex-related dif- 
ferences with respect to cultural background, on graph comprehension, 
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should be conducted. Also, since reading graphs is a skill for func- 
tional literacy, examining an adult population using similar indepen- 
dent and dependent variables incorporated in this study, should be 

considered. * 

The development of spatial ability might account for sex-related 
differences between high school males and females (Fennema, 1974b, 
1975b, 1977, 1980a; Maccoby & Jacklin, 1974). Also, there is controver- 
sy over/the relationship between spatial ability and graph comprehension. 
Vernon (1946) who worked with adults and college students claimed that 
understanding and recalling information in graphical form was dependent 
upon spatial ability. On the other hand, Johnson (1971) observed that 
spatial ability did not uniquely contribute to predicting graph reading 
ability for middle-school children. It is possible that age might be -a 
factor causing these differences. However, the relationships among 
spatial ability, sex, age, the three aspects of prior knowledge and 
graph comprehension should be examined. 

As expected, the results of this study suggest developmental 
differences in graph reading ability between fousth- and seventh-graders. 
Perhaps seventh-graders have entered the Piagetia* developmental stage 
of formal operations, which may have enabled them p explore the abstrac- 
tions of communication in graphical form without a* topic or graphical 
form prior knowledge base. The* relationship betweii one aspect of 
Piaget's theory, "horizontal - vertical" concept development and graph 
comprehension, was examined by Herrmann (1976). Although his work at- 
tempted to explore c one apt. development, only one ag* group was studied. 
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It is possible that building prior knowledge might enhance readiness 
for advancing from the stage of concrete operations to the stage of 
formal operations. Studies that examine the relationship among prior 
knowledge, the Piagetian stages o<* cognitive development, and graph read- 
ing ability should be conducted. 

Some graph studies reviewed explored students' ability to retain 
the information in certain types of graphs under certain conditions 

(Herrmann, 1976; Price et al., 1974; Vernon, 1946, 1950, 1951, 1952; 
Washburne, 1927a, 1927b). However, some of the schema theory literature 

suggest that the hierarchic^ structure of one's schemata and relevant 

prior knowledge account for such retention (Anderson et al., 1978; 

Brown et al., 1977; Stein, 1978). Therefore, the relationship between 

prior knowledge and the amount of information retained after reading a 

graph should be explored. 

There is evidence to support the influence of affective factors 

(e.g., interest) in the reader's ability to comprehend genial written 

f«i t T4 n «<.or. 1Q7Q- Ueher 1979). Also, affective factors 

discourse (Sjogren & Timpson, weoer, 15/7/. 

have been recognized as contributors to sex-related differences in 
mathematics (Aiken, 1974; Fennema, 1974b, 1978). Therefore, the rela- 
tionship among affective factors (e.g., attitude towards mathematics in 
general and graphs in particular, including the topics of the graphs, and 
the graphical form), prior knowledge, and graph comprehension should be 
examined . 

Teaching experiments similar to the ones confucted by Janvier (1978) 
should be conducted. At least two different approaches could be taken. 
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One approach might explore the effects of first building the prerequi- 
site mathematical concepts to be employed in the graphs, and then 
preflfcnting the graph-reading tasks :o the children. Another approach 
might explore the effect of teaching the mathematical concepts in con- 
junction with graph reading skills by collecting "real-world" data, 
discussing the mathematical relationships, and depicting these relation- 
ships pictorially. 

Experiments that employ other pre-graph reading sessions for build- 
ing prior knowledge of the topic of the graphs, similar to Strickland's 
(1938/1972) study, should be conducted in a control /experimental setting, 
involving elementary school children. It may be that prior instruction 
in building prerequisite knowledge might be adequate for improving graph 
comprehension, and that comprehension is not limited to being a function 
of development. 

Current research examining cognitive processes involved in graph 
comprehension is being undertaken (Consulting Statisticians, Inc., Note 
11). Further studies that explore the strategies employed by children 
that aid them in tapping any or all of the three aspects of prior knowl- 
edge should be conducted. One aspect of this type of research worth 
investigating is the existence of surface and deep structures of graphs, 
suggested as a result of the present study. The surface structure of 
graphs might include the explicitly stated topic of the graph and the 
graphical form. The deep structure might be composed of the implicitly 
stated mathematical relationships. The ability to retrieve information 
needed for comprehending the message. in a graph might be dependent upon 
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whether relevant cues are located in th^'s^fsfa'ce^structure or the deep 

\ 

structure of the graph. The validity of this mod*! must be tested. 
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Graph Test Objectives 

I. General Objectives 

1. To describe the data literally by Identifying or recognizing the 
data In the graph that answer textually explicit questions. 

2. To analyze the mathematical relationships between and among data 
by Interpreting and Integrating the data In the graph to answer 
textual I y implicit questions. 

3. To Infer from, predict from, and extend the data, by analyzing the 
mathematical relationships between and-anpng the data to answer 
acriptally implicit questions. 

II. Specific Objectives 

GRAPH 

1. To add whole numbers 1,4,5,10,12 

2. To subtract whole numbers 1,4,6,10,11,12 

3. To multiple whole numbers * 1,2,6,10,11,12 

4. To divide whole numbers 11 

5. To compare whole numbers 4,5,6,7,10,11,12 
,6. To multiply numbers Including fractions 10,11,12 

7. To express the fractional part of a total 

amount, given a part of that amount ^2,3 ( 

8. To calculate the percent of a given amount 3 

9. To calculate the percent, given a number 

and a part 7 

10. To calculate a total amount of money 
expressed In cents 1 

11. To compare time readings 8 

12. To compare monetary value 1 

13. To identify the number of -hours in one day 2 

14. To identify the number of days in one week 

or part of one week U2 

15. To translate "one billion" to a numeral 3 

16. To calculate the amount of time (in hours) 
between two time readings expressed In 

K standard form (e.g., 8:30 P.M.) 8 

17. To compare trillions of dollars expressed In 
decimal form 9 

18. To identify the number of weeks in one , * 

months 11 



19. To identify the number of months in one 
year 
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Graph Test Objectives - Continued 

) 

20. To calculate an amount of money 
constant over a period of time 

21. To calculate the probability of 
an event 

22. To determine when data is 
increasing, decreasing, or 
remaining the same 

III. Item Objectives 

1. Por each of the twelve graphs, item #1 and item #2 measured 
ttxtually explicit (task a) comprehension. 

2. For each of the twelve graphs, item #3 and item #4 measured 
Uxtually implicit (task b) comprehension. 

3. For each of the twelve grapha, item #5 and item #6 measured 
seriptally implicit (task c) comprehension. 



. GRAPH 
1 

5,12 

7,8,9,10 
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NAME DATE FORM SCORE 

This booklet contains 12 graphs. 1 Each graph has 6 questions. *- 
Read each question carefully and THINK before answering. You way 
find some questions to be more difficult than others. Try to do 
your best and answer all of the questions. 

DIREf rrtQN Si For each question, select the letter in front of the 

choice that best answers the question and place it in the 
space provided near the question. Your scrap work may be 
done in the booklet. As you complete the questions for each 
graph $ go ahead to the next page. If you should finish 
before time is up, go back and check your work. 

Thank you for your cooperation and participating iti this research study. 



Graphs 2 through 12 are 85Z reductions of those presented to students. 
Reductions were made to meet margin requirements. 
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i Graph 1 

JOHN SPENDS HIS DAILY SCJfOOL ALMMANCI 




USE T'lE 15RAPH ABOVE TO ANSWEH THE 

Fouowim) questions. 



I. What does this graph tell you? 

a. The way John spends hi a Money 
on weekends - 

b. foe way John spends his money 
during one complete week 

c. The way John spends his money 
for vacations 

d. The way John spends his money 
for one school day 
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2. llow much does John spend on £cImx>1 
supplies for one day? 

a. 10* 

b. 15* 

c. 25* 

d. 50* 


2. . 


3. What is the total of John's datyy 
school allowance? 

a. $ .95 

b. $1.00 

c. $1.50 

d. $2.00 


3. 


4, now much more does John sntmi on lunch 
than on carfare? 

a. 25* 

b. 35* 

c. 40* 

d. 60* j 


4. - 


«» _ How much monev does John need 4o nav 

_# # #ix#w mn%sv*n mivvivr uvusj ■ ** ■ #»a*^^e m>v v |w j 

for lunch for five school days^ 

a. 50* 

b. $1.00 
' c. $2.00 

d. $2.50 


a 

5. 


6. What in the total amount of money 
John needs for five school days? 

a. $1.00 

b. $3.50 

c. $5.00 

d. $7.00 





Graph 2 HOW TERRY SPENDS k SCHOOL DAY 




tlSF. UK GRAPH ABOVE TO ANSWER Tl* 
FOLLOWINO QUESTIONS. 



t • Hoe nany hours In on# day does 
Terry spend In school? 
a. 1 hours 
h, ft hours 

c, II hours 

d. 14 hours 



2. for which of th« following doss 
Terry sp»nd thrse hours s dey? 
s«- rlsying after school 
latino 

C. Traveling to and from school 
d. Watching TJN 



3. What dors this graph toll you? 

a. Torry spends the gresteet 
•Mount of tl«s slneplnq 

b. tsrry spend* the losst 
•Mount of tins In school 

c. Terry spsnds mots ttac 
playing than watching T.V. 

d. Terry spsnds less tins 
sleeping than In school 



4* What fractional part of a dayrtoei 
Terry spend In school? 



J. 
12 

1 
4 



I low nany hour a a week (not 
Including Saturday and Sunday) 
does Terry spend on haaework? 

a. 2 hours 

b. S hours 

c. 10 hours 

d. 14 hours 



6. 



What fractional pert of a w«sk (not 
Including Saturday end Sunday) does 
Terry spend sleeping? 



it 



c. 
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2. How audi eoney out of twry dollar will the 
U.S. Qo»tn— nt ip«nd on ntt in tar eat? 

c. 244 



a. 9« 

b. 15* 



4, 43# 



tISK TIC OSAFM ABOVE TO ANSWER Tilt 
POMXM1IO QtSSTlOKI. 



t t What 4o«s thlf graph Ml you? 

a. The value of the U.S. dollar In 1901 
». m I9SI, the U.S. will have only $1.00 
to epend 

c. How each dollar la going to bo broken 
up to aupport tho country in 19S1 

d. in 19SI, the U.S. Govarnnent will 
apand $1 .00 at a Use 



3. What fractional part of onch dollar will tha 
U.S. Government apand on not interest? 

b; a. • 



Which of tho following would bo claeelfled 
undar M othor M spending? 

a. Supporting foreign coanltnanta 

b. Tho Pr.aeidant*a ealary 

c. Purchaaing tanke 

d. oranta to citiaa 



3. If tho U.S. Governnenl is going to 
apand one billion dollar a in I9SI 9 
how nuch of it will bo ■pent for 
granto to etatee and loralltlee? 

a. $150 thouaand c. $150 billion 

b. $150 nllllon d. $150 trine* 



6. According to tho projected 1961 budget, which of 
the following appear a to bo correct? 

a. There is a greater need to eupport nllltary 
defence thin 41 red benefit payment e for 
lndiwlduaie 

b. There ia • greater need to support nllltary 
defense than aiding atatea end local it lee 

c. Their e la a greater need to support foreign 
coast! tnsnte than sllitary defense 

d. There is a greater need to support foreign 
constituents than direct benefit payments 

^^forindiwlduala^ . 



5. 



6. 
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3raph 4 ftticurr cr thi toomoucx cHiumm im «a*ch, twn 




Hirti 



JOeO 

CM idren 



Pedro 



IISC Tt« OUAHI JMOVB TO A 16 ICR TIC 

roiixmm oibstiqis. 



I. MftMt do«i thle graph tall you? 
n # The aelght of the four 

ftodrlguet children In 

Hare*, 19*0 
to. The gradoe of the four 

Hodr iguei chlHrtn in 

March, 19S0 
c. [The height of the four 

ftodrlguet children In 

March, 19*0 
4. The tqi of tha four 

ftodrlguet children In 

Harcti, 19H0 



2. Ho* tall vaa Maria? 

a. 75 Inchee 

b. 100 Inchee 

c. 100 centimeter a 

d. 115 cent letters 



3. Mho was. tha talleat? 

a. Juan 

b. Pedro 

c. Joae 

d. Maria 



a. How much taller uan Juan than Joae? 

a. 21 centime tern 

b. SO centimeter a 

c. 75 Include " 

d. 75 cent I wot era 



.5* If Maria grovs 5 cent law tar a and 
Joeef growo 10 centimeter a by 
September, 1981, who will be talli 
and by how much? 

a. Maria wilt be taller by 20 
rant 1 meter a 

b. Joaa' will be taller by 20 
cent 1 mat are 

c. Maria will be taller by 5 
cent i mat are 

d. joaa" will be taller by 5 
con time tar a 



a. If Pedro la 5 yeare old, which of the 
following la a correct etatement? 

a. Pedro la much too abort for hla ao« 

b. Pedro could never be that tall for 
hla aqa 

c. Pedro la of average height for hla 
aqa 

d. Pedro la thin for hla age 



5. 



6. 



Graph 5 



auierea 



tNi NUNNI Of CIllUMiN IN NR. KAHN'S CUSR CilJBRATIW 
A BIST9MY 4MIRf M> S*CM NONtll Of Hit YEAS 



n 



n 



,1 M Feb Iter Apr NAT Jun« July Aug Sapt Oct Nov D«c 
Month* of th* YHr 

«mc TtC GAAPII A WIVE TO ANSWfA TIMS 
rutUMtND outSTiws. 



3. What does this graph tell you? 

a. There are Mora blrthdaya 
during J una and Novae b ar than 
during any other awnth of 
the year 

b. There are nore blrthdaya 
during Nay than durlnrj any 
other aonth of tha year 

c. There are the lnaat nunbar 
of blrthdaya during June and 
Movaatoar than during any 
othar month of the year 

d. 0 Aa tha year progreaaea free 

January to December, tlte 
nuwbor of b lrthdaya dflcraaaoa 



| . now eany rhlldren celebrate 
birthday In fabruaryT 

a. 0 c. 2 

b. I d. 4 



During uhlch nenkh aTV thare 
alght rhlldren who calebrate 
a birthday? 

a. Nay 

b. July 

C. Septcaw>er 
d. November 1 



I. 



2. 



4. Hoe aiany children are In Nr. 
claaa? 

a. 10 c 44 

b. 30 d. 55 



Kahn'a 



5. 



What la tha probability that the 
birthday being celebrated In 
Deceaber occur a on Daceeber 25th? 



b. 



. 31 



Sally'a birthday la In Fabruary. 
According to tha graph, which of 
the following atateaenta la 
correct? 

a. tally waa probably born on 
Fabruary 29th 

b. Sally if S9l In Nr. Kahn'a 
claaa 

c. Sally Jj| In Nr. Kahn'a claaa 

d. Sally la tit* only cine 
celebrating a blrtiwiay In 
February 



6. 



a 
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Graph 6 



Calar ipm 



iw- 

1*0- 

ino- 

IJ0- 
110- 
100- 
*6. 



TMC MUHSCM Of CAMJSICt IN ONI CW Of 

smi hi i* muourrs 



Ski* 
Milk 



-war 



butt** - 
»llk 



SkU 

HUN 
Yogurt 



Whale 

Milk 

Y«gurt 



Mil* raoncT* 



USe Hat GftAfll ABOVE TO ANSWER TMC 
fOIAIMtN* QUESTIONS. 



I low nanv color lee aro contained In one cup Of 
Skin Milk? 

• • AO c 90 

b. •? d. 120 



1. 3R3 3om this gflpR t?n you 7 

a. The otntier of vltunlna In nne cup 
of none nllfc product* 

b. The price of Olio cup of iom nllk products 

c. Tho weight or ono cup or »o*e nllk product! 

d. Tho nwnber or color loo In on cup or sone |l 
oil* produrto • 



. / 

1, Ono cup or which ni Ik product con 1 4 Ins tho fn wost 
nunbcr of color loo? 

a, Skin Hklk Yuqurt 

b, Whole Hllk 
- c. Buttornllk 

d. Whole Hi Ik Ynqurt 



Accord inq to tho groph, which of the following 
statements Is correct? 

a. Whole nil* products contain fowor calories 
than skin nllk .products 

b. Whole nllk products contain nore calories than 
akin nllk products 

c. Doth whole nllk yogurt and skin nllk yogurt 
contain fewer color lee than skin nllk 

d. Whole nllk products contain the sans anount 
or calorlee as skin nllk products 



S, ir you were to go on s low-cal or I e diet, 
according to the graph, which nllk product 
would be the beet to Include In your diet? 

a. Skin nllk 

b. Skin nllk yogurt 

c. Whole nllk 

d. Whole nllk yogurt 



6, Which or the following quostlons ca nnot be 
answered fro* reading tho graph? 

a. Mow nany calories less Is one cup of 
whole nllk yogurt than one cup of whole 
nllk? 

b. How nany calories would you expect there to 
be In four cups of whole nllk? 

c. Why does one cup or yogurt node with akin 
nllk have nore calories than one cup or 
skin nllk, but' one cup or yogurt node with 
whole nllk hsvo less calorlei than one cup 
of whole nllk? 

d. If you nade two nllkshakes with tho sane 
Inqrodlento, except ono waa nade with ono 
cup or buttomllk, end the other with one 

cup or skin rtT*>vhlch would have losa calories? 



9 ■ 
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Graph 7 



uf wo mmxjhlvn nsm»r%m slihxkj 

IM WMffCN tlfCTOOttlC CalrtAAtuaS WfcftC LlfO 
OtVlNO I^U TIMOUDM I9CO 



I to 




110 



40 

20 



i wo 



1940 



tisr me 4* ahi aoovt: to answer tut 
roiKwiNi; uussnuts. 



T 



n r57w »>my pih 
oloct runic lalj'nlntur* unnl ditrtiwi 
!*H07 



A. II 



to 
1(1 



2, Arcurdliif) tn Ilia qraph, what la 
tho tot*| number of elementary 
urhoola hi HiOoKlyn? 

a. 160 c. 220 

b. 200 d. 1,100 



Which of the following cKprenrtcn what 
happciMHt 'to tlm numhor uf electronic 
calculator* In u«o» art tlm yearn 
pror|rcn<icd frcM I'MiO to I1H07 

a. Tito number of Hclmota In which 
tlm calcul A tor wan urtod dmtM.Md 

b. T1m» iinMbor or melton In hi whMi 
the calculator warn unod Incroannd 

c. Tin* member of school n In which 
the calculator warn unod remained 
tlm ruiMo 

d. Ttta ntntficr of school* In which 
the Val mMtor wan jined dncteaaod 
and Mien IncTcanod t 



4* In wliat percent of I ho fvlionln wen* 

the electronic calculator* lined In 1470 



a. 10% 

b. 20X 



c. 40% 

d, loin; 



•t. If wo loo* ahead to 11041, In how 
many nrooMyn nlemctilery whonln 
would yotl expect to find the 
rloctronlc calculator uand? 

a* exactly 160 

l>. I en* than 1(10 

c. mn e than I ho 

d. more than 1 00 but lo** tlh.ii 160 



Which of the followlnq rhangea froai 
i960 to I9IUI would you export to be 
true, baaad on tho Information In 
the qraph? * 

a. Children do not Know tho trie*!* * 
tabloa aa well as they oaed to 

b. Children on joy path more than 
they uned to 

c. Children are leamlriq aiath 
better now than they uned to v 

d. More children havn calcul lora 
available to then now than 
ever before 



n. 



e 
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AVKMAUt riHC Of SIMSET 




* 1 ' 1 » 1 ' 

eia July Aug Sept Oct Nov Dec 



Hontha 

use Tie iMhvu anovt to answer hie 



t. Whet in the averaqo t lm> that 
the win eeta In October? 
a, 5i00 P.M. c. P.M. 

b« *tl* P.M. d. P.M. 



J, 4 1 15 P.M. la the averaqe tleo of 
aunaot dur Inq which ptotith? 
a 4 OrttMtor 
b. Nnvfwher 
cj Dectmbrr 
d. January 
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)• an the avmtha nroqreaa item June 
to OeeeatVr* vhWii of tho 
following la Uw about tha 
everaqe tleo of auneet? 
a* It c *.a earlier 

b. It qete latnr 

c. It rmalna the aaee 

a. It flret q*te earlier and tlw*n 
later 



5. 




How etftch longer do you have to play 
outelde (before It geta dark) In 
July, than you have In October? 



b. 



houre 
|l houre 



d. 



houre 
3 houre 



Which of the following qraphe 
repreecntfl the average tlm* of 
emmet froe January to June, that 
would Make the above ojraph repreaent 
one cnuaplete year? 



3- 



b. 



average 
Tla»e of 

Simaet 
(P.M.) 



Average 
Tlaie of 

Sunnet 
(P.M. ) 



A i JOV 



"June 



a • 3i 



4i W 




Average 
tl»n of 

5unf;"t 

(r.M.I 

' Av*»ra<ie 
Tine of 
Sunact 
(P.M. ) 



TO 



At W 



Jan 



June 



6. a a the wont ha proqreee from June to 
Deceeber, the average t 1m of fjjQf L§fi 
gets later. What do you expect to 
happen to tiie average meaner of 
dayllqltt hoiwa during tola tie*? 

a* fnrreaaoa * 

b. DerTeaaee 

c. fleet* Ire the eaaai 

d. rlrat decreaaea, and then incraaeee 



mrt 



Graph t 9 
mucf Bunm 19*9 




i i i » i i i i i i 



1971 



1973 
Ymci 



1975 



1977 



1979 



|ISt THE C*Aftl *»OVB TO AN3MIH HIT 

rotunian qi«sti««i. 



I , HfcAk vaa tM value of goods And 
service* produced br U.S. 
reetdvnta In 19717 

a. U.O 

b. |l. I 

c. U.I ttllllm 

d. |l.2 trillion 



2. In vh*t vear va* the aroaa 

Net Inn*! Product $1.3 trill lon7 

a. 1971 c. 1976 

b. 1975 d. U77 



3. What rear tepreamta the jo^fffc 
aroaa National Product 7 

a, I9n9 c* 

b. 1970 d. 1979 



n receenlon occurred In 1969 to 
1970 and 1973 to 1979* Mow 
doea a receaalon affect the 
Groea National Product 7 

a. Value of good a and aervlcea 
t..«.reea*) 

b. VaUie of food a and aervlcea 
decrnaee 

c. Value of good a and aervlcea 
remain the nana 

d. Value of good* and aervlcea 
Increaae and then decrease 



9. If a receaalon occur a during I960, 
what would you expect to happen 
to the aroaa National Product 7 

a. Increaae 

b. Decrease 

c* Reautln the aane 

d. Increaae and then decrcaae 



6 4 Following the Information In the 
qraph, what would you expect to 
happen In' I960 (provided ther* la 
no receaalon) 7 

a. The Groea National Product would 
Increana 

b. The (irona National Product would 
docreaae 

c. The Groan National Product would 
rnaaln tho naiwt 

d. The oroaa National Product would 
docreaae end i 



13b 




Craph 10 



in am sbooslym school 
district in ma. 19*9. 1*74 am> 1990 



• 1,000 boys 



USt TWt GRAPH ABOVE TO ANSWER TIC 

roLLONira QtcsTiota. 



• 1,000 girl* 



2. Hon Mny boys were In the first grade In 1969? 
••7 c, 7 9 000 

b, 13 d. 13,000 



3, In what year waa there the f* wo*t 
children In first grade 7 
- a. 1962 c« 1974 

b, 1961 d. 1900 



Of 



4. 1k>w did tho first grade population change frc 
1969 to 1974? 

a. The total niMbtr of chli rnn tncreaaed 

b. Tho total nuabor of ctiUdran decreased 

c. Tho niaabar of girl* increased 

d. Tho maabor of boy* incrosoed 



2. 



3. _ 



1. 



What 
a. 



b. 



this graph toll yov? 

of boya and glrla In tn-i 
flrat grade during 1962« 1969, 1*74 and 
1990 In a Brooklyn school Dl «t let 
Tho maabor of boya and glr!a getting 
oroaotnd In ono Brooklyn School 
District during 1962* 1964, 1974 and 1990 
Tho iMaabor of boya and glrla graduating 
rron elenenta^y school a In ono Brooklyn 
School District; during 1962, 1969, 1974 
a, 4 1990 

* aaaabsr ot bey* and girl* In on* 
Brooklyn Sciviol District 



5, If no children mavm out of Brooklyn, no now 
children novo Into Brooklyn, and no children 
•re held over, in what year would the f*wej*£ 
maaber of children gra dual* fron alxth grade? 

a. 1969 c. I960 

h~ t974 d. 1996 % 



5- 



I. 



6. How many children would you expect to be In 
the flrat grade In thla Brooklyn srtiool 
Dlatrlct In 1996 if the 1974-1960 trend 
continues? 

a. 6,000 

b. ttore than 6,000 

c. rower than 6,000 but nore than 3,000 
d« Fewer tnan 3,000 



6. 
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0 



Griph U 



HUMBim or raws the jomes emu* ex 
scad rat month 



hary 



•Mil 



CDCDQ 

com 

CD CD CO CD 

CD 
CDCi 



CD- 



wt rm mhfu mwi to ansmeji tint 

rOUUMlW QUESTIONS. 



t 



I. Now Many books did Sam rsad 1 
on* Month? 
a* 0 

b. I 

.. ,J 

«. 3 



1. 



14u 



Mteo roa4 2^ boons In ons nontbl 



mm Nary 

b. J Mi* 

c. Jos 

d. Ho on* 



2., 



Who r«ad tht f 1 
books In ons Month? 
a* Dsrlsns 

b. Smi 
Cm Jans 
d. Jos 



4. in ons nonth. how Many mots books 
did Dartsns read than Jans? 



b. 2* 



c. 9 

d. s| 



4, At ths and of ons ysar, about how 
Many books will Jos havs rssd? 



a. 16 

b. 24 



c. lot 

d. 4« 



5. 



6. About how nany boons dovs Dsrlsns 
rsad In ons wssk? 

a. 1 

b. 2 

c. 4 

a. • 



6. 



Graph 12 stamps cmxicth) ay chuo*rh 



JM* 



natty 



mil 




• 4 ataapa 



IOC TM OHAIM MWI TO ANSWER UIB 
rOtXOUINO QUESTIONS. 



I. What doea •arte ayabol 
rapreaent? 

a. On* ataap 

b. Ona-half of a ataap 

c. Four ataapa 

_ d. rlftaon ataap* 



St 



2. Now Many ataapa haa Toa col lac tad? 



d. 30 



3* flow Many aura attaint haa notty 
coll act ad than Ton? 



- 'I 

b. 3 



d. 22* 
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According to tha graph* which or th# 
following atatraenta la trua? 

a* Jack haa | wore ataapa than 
Hatty 

b. Toa haa ■ fawar ataapa than 
Jack 

c. Hatty haa l| aora ataapa than 
Ton 

d. Batty haa 43* worth of ataapa 



5. If tha children aold thalr ataapa for 
tha valua on tha faca of tha ataap 9 

• who. If any of tha child ran, would ba 
able to buy a new blcycla ualng thla 
aonay? 

a. Toa c. Jack 

b. Oatty d. Nona of tha 

chl ldran 



6. Ono of Toa* a ataapa la rari* # but ho 
dooan't know It* Mo and natty ara 
qolnq to trad* oik* ataap Cor one 
ataap. What la tha probability that 
Batty rorolvi** Toa* a mra «taap7 
1 1 



d. 



1 



Graph Test Answer Key 



Graph 1 


Graph 2 


Graph 3 


Graph 4 


Graph 5 


1. d 


1. 


b 


1. c 


1. 


c 


1. a 


2. b 


2. 


d 


2. a 


2. 


c 


2. d 


3. b 


3. 


a 


3. b 


3. 


b 


3. a 


4. c 


4. 


b 


4. a 


4. 


d 


4. c 


5. d 


5. 


c 


5. b 


5.. 


a 


5. a 


6." c 


6. 


d 


6. -b 


6. 


b 


6. b 



Graph 6 


Graph 7 


Graph 8 


Graph 9 


Graph 


1. d 


1. 


d 


-« 1. 


c 


1. " 


c 


1. a 


2. b 


2. 


b 


2. 


c 


2. 


d 


2. c 


3. c 


3. 


b 


3. 


a 


3. 




3. d 


4. b 


4. 


b 


4. 


c 


4. ( 


b 


4. b 


5. a 


5. 


c 


5. 


b . 


5. 


b 


5. d 


6. c • 


6. 


d 


6. 


b 


' 6. 


a 


6. c 



Graph U • Graph JL2 



1. 
2. 



d 
d 



3. b 

4. c 



5. 
6. 



d 
b 



1. 
2. 
3. 
4. 
5. 
6. 



c 
b 
c 
b 
d 
c 



r 
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Instruct ions for Administering the Graph Test 
U Check students 9 seating arrangement. 

2. Each student who has parental consent should receive a pencil and 
a test booklet. You should have received a roster with this 
information. 

3. For your own information, there are ten different forms of the 
Graph Test. Each form has the twelve graphs arranged in different 
order. 

4. Read the following italicized instructions aloud to students: 

Good morning. 

You are again bHng asked, to participate in a research study 
to help determine haw children read graphs. lour results will 
be helping us to help children improve their graph reading 
skills. ' 
Today is the last of four sessions* Remember, the results 
of the tests will not affect your marks in school,- but 
please try to do your best and answer all of the questions. 
Print your first name and your last name in the space provided 
on the cover sheet. Also, write today 1 s date, which is 

, in the space provided. Read the directions silently 

as I read them aloud to you; 

This booklet contains 12 graphs. Each graph has 6 questions 
Read each question carefully and THINK before answering. ■ 
lou may find some questions to be more difficult than others 
Try to do your best and answer all of the questions. 
DIRECTIONS : For each question, select the letter in front 
of the choice that best answers the question 
, and place it in the space provided near the 
question. 1 
Have the following example ready on the chalkboard: 
SI. ? + 4 * 

a. 9 ' 

b. 10 

c. • 11 

d. 12 SI. c 

The correct choice is c. lou would write* "c" in the space 
provided. 
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Graph Test - Administration Instructions - Continued 

Your scrap work may be done in the booklet. As you 
complete the questions for each graph, go ahead to the 
next page. You will have 1 hour to complete this test. 
If you should finish before time is up, go back and 
check your work. 

Thank you for your cooperation and participating in this 
research study. 

Are there any questions? 

Open your booklet to the first page, and begin. 

6. Keep thl time posted on the chalkboard. 

7. Inform the 9tudents when there is ten minutes left; one minute left. 

8. When time is up, read the following aloud to the students: 

Stop work. Pencils dawn* Close, your booklets. Pas 9 your 

booklet to the (front, left, right). 

Instruct students to pass their booklets to the front or ♦'he left 
or the right, which ever is appropriate or. convenient for you. 

Be sure to collect all pencils! 
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Appendix B 
Prior Knowledge Inventory 
Prior Knowledge Inventory Answer Key 

> 

Instructions for Administering the Prior Knowledge Inventory 
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MXME DATS FORM . 

In sentences A and 3, please check the part that applies 
to you: 



A. I am a 



boy. 

girl. 

3. At home, I do NOT speak English. I speak 

another language. 
speak English AND 1 or more other 

languages. 
speak ONLY English. 

This booklet contains three parts » Mathematical Content, 
Topic, and Graphical Form. 1 Don't worry if you do not 
under stand, these titles. Just read each question carefully 
and THINK before answering. 

You may find seme questions to be more difficult than 
others. Try to do your best and answer 'all of the questions. 

DIRECTIONS i For each question, select the letter in front 
of the choice that best answers the question and place it in 
the space provided near the question. Your scrap work may be 
done in the booklet. As you complete each part,' go ahead , 
to the next page. If ycu should finish before time is up, > 
go back and check your wcrk. ' — 

Thank you for your cooperation and participating in this - 
research study. 
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l The following pages are 38. 6Z reductions of chose presented to 
students. Reductions were made to meet margin requirements. 
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t. 2"M*2*5*8*2*4*«>2*8«'i- 



ft. 10 

b. 30 



c. 

d. 55 



J 



2. Which of tha following ia 
a correct statement? 

r. 1 centiawtec: iegreater 

thaal Inch 
b. 1 inch ia laaa than 1 



e. 1 inch egmle 1 



d. 



1 centiatetar ia laaa 

than 1 inch 

2. 



3. Which of tha following 
statenenta ia eerr act? 

a. 87 ia laaa than 120 

b. 120 ia laaa than 37 

c. 87 ia graatar than 140 

d. 87 ia graatar than 160 



3. 



4. Hov many hoars are thara in 
ona day? 

a. 8 houra 

b. 10 houra 

c. 12 hoars 

d. 24 boars , 

4. 



5. 



6. 



4 • 



a. 10 

b. 12 



c. 44 

d. 16 

5. 



What ia tha total nuabar 

of daya in Decesfeer? 

a. 28 c. 30 

b. 29 d. 31 



6. 



7. If a child ia born in 
Decaaber, vhat is tha 
probability that tha child 
has a birthday on Dacanbar 
13 th? 

b. <*• 1 

7. 



8. Which of th* following 
statamanta is ccrract? 

a. 140 in laaa than 120 

b. 120 is griittf than 140 
Ca 87 ia graatar than 120 
da 160 ia graatar than 120 

8. 



9. 15a x 14 



a. 

b. 



$.21 
$1.90 



c. 
d. 



$2.10 
$3.10 

9. _ 



COfflNLTD 



10. Which of tha following 
stataawnts is corraot? 

a. 160 is loss than 40 

b. 160 la graatar than 40 

c. 20 la graatar than 40 

d. 40 la laaa than 20 

10. 


IS. Which of tha following is. 
tha masaral for ona 
trillion? 

a. 1,000 

b. 1,000,000 

c. 1,000,000,000 

d. 1,000,000,000,000 

IS. 


11. Which of tha following In 
tha ntnaaral rapraaanting 

ona billloar? . 

a. 1*000 

b. 1,000,000 

e. 1,000,000,000 
d. 1,000,000,000,000 

u. 




16. Which of tha following 
atatananta ia corraet? 

» 

a. 8t30 P.M. ia aariiar 
than 4»30 a.m. 

b. 4i30 A.M. ia la tar than 
8i30 A.M. 

e. 8i30 P.M. ia latar than 

4t30 P.M. 
d. 6t00 P.M. is mulLmx than 

4t30 A.M. 

16. 


12. what fractional part of 
100 ia 9? 

• • g Ca g 

b - Too *• f 

12. 


17* Hov omen tiao is it from 
6il9 P.M. to 8x30 P.M.? 

a. 1^ hours c. 2^ hoars 


13. What ia 15* of ona billion? 

a. ISO thousand 

b. ISO Billion 

c. ISO billion 

d. ISO trillion 

13. 


Of 4? near % a a j nouri 

i 17. 

; f 


18. 73 ♦ 10 ■ 

a. 76 c. 173 

b. 33 d. 750 


14. 40 ia what par cant of 200? 

a. 18% c. 40% 

b. 20% d. 100% 

14: 


18. 


19. 160 - 140 ■ 

a. 10 C 120 

b. 20 d. 200 

19. 



CCNTZNtSD 



m vftar mb? days wtm fetor* la 
ft* aehool w* (n^t 
including Satnrday and 
Snnday)? 


26. 15a x 12 - 

a. $.13 e. $1.80 

b. $1.70 d; $2.80 

26 . 


a. 4 dayn «• 7 daya 

b. 9 daya d. 10 day* 

20. _ mmmm 


27. 5 x $1.00 » 

a. $.50 e. $ 50.00 

b. $5.00 d. $500.00 

27. 


21. 7 x 1.000 • 

« 


a, 70 €• 7000 
h. 700 d. 70.000 

21. 


28. 100 «• 5 - , 

a. 105' c. 500 
b/ 150 . d. 600 

28. , 


22. 160 X 4 fc • 

a. 64 ■ C. 240 

b. 100 d. 640 

22. 


29. What fractional part of 1 
24 ia 6? 

a ^ e. 
*• 6 c * 4 

29a 


23. ISO - 75 - 

a. 25 c. 75 

b. 50 d. 93 

23. 


a 

-an Which of thai fta 1 1 ayj m is 

tha noaacal for 1.2 trillion? 

a. 1,200,000 

b. 1,000,200,000, 
C. 1,020,000,000 

d. 1,200,000,000,000 


24. 5 X 50« ■ 

a. $.25 e. $23.00 

b. $2.30 d. $250.00 

24. 


25. Which of tha follovinc ia 
tha eloaaat aonbar of vaaka 
la ana smith? 

a. 4 e. 12 

b. 7 d. 52 

23. 


30. 


31. 4 x 1,000 - , 

a. 40 C. 4,000' 

b. 400 d. 40,000 ' 

31. 



'1 



32. 6,000 ♦ 7,000 « 

a. 1,300 c. 12,000 

b. 13,000 d. 14,000 

32. 


37. 105 - 85 « 

a. 20 c. 80 

b. 25 d. - 190 

37. 


33. 50* - 10* ■ 

a. 25* c. 40« 

b. 35« d. 60* 

33. , 


38. 15« ♦ 25« ♦ 50* ♦ 10e « 

a. $.95 c. $1.50 

b. $1.00 d. $2.00 

38. 


34. 4 X 2 > 

a. 6 e. 10 
. b. 8 d. 12 

34. 


39. Which Of the following 

expresses the numeral for 
1.1 trillion? 

a. 1,100,000 
, b. 1,010,000,000 


35. Which of the following 
statements is correct? 

a. 13,000 is less than 
8,500 

b. 8,500 is greater than 
" 13,000 

c. 8,000 is greater than 
13,000 

d. 13,000 is greater than 
8,500 

35. 


c. 1,000,000,000,001 

d. 1 : 100,000,000,000 

39. 


40. 5 X 2 ■ 

a. 3 c. 10 

b. 7 d. 20 

40. 


41 • 5 x 24 - 

a, 29 c. 120 


36. 15« x 6 ■ 

a. 5.60 c. $9.00 

b. $.90 d. # $10.00 

36. . 


104 - d. 130 

41. 


42 • Which of the following 
statements is correct? 

a. 8 is greater than 6 
• b. 6 is greater than 8 




c. 3 is less than 6 

d. d is less than 3 

42. 



/ CONTINUED 

\ 



er|c ir,o 



43. Which of the following 
statements is correct? 

87 does not equal 87 
87 is greater than 81 
87 is less than 87 
87 is equal, 

43 



a. 

to. 
c. 
d. 



44. 



a. 
b. 



1980 ♦ 6 » 

1986 
2046 



c. 
d. 



2580 
7980 

44. 



45. 



What fractional part of 
120 is 40? 



a. 



b. 



120 
40 



C. T 



d. f 



45. 



46. If there are five black 
garbles and one vhite 
marble in a jar and you 
reach U (without 
looking) and pull one 
out* what is the 
probability of selecting 
the white marble? 

1 

c - 2 



1 

*• t 



d. 



I 

48. Which of the following 
statements is correct? 

a. 1.2 trillion is greater 
than 1 . 24 trillion 

b. 1.24 trillion is less than 
1.2 trillion 

c. 1.2 trillion is less than 
1.24 trillion 

d. 1.1 trillion is greater 
than 1.24 trillion 

48. 



49. 



a. 

b. 



8x5 = 

3 
13 



c. 30 

d. 40 



49. 



50. 4,000 + 4,500 ■ 

a. 850 C. 8,500 

b. 4,900 d. 9,000 

50. . 



51. 



1^ x 2 » 



C. 2 

a. 3 



51. 



52. 6 x 1,000 



a. 

b. 



60 
600 



C. 6,000 
d. 60,000 

52. . 





47. 3 X 4 » 
a. 1 


c. 12 


53. 
a. 


8 A 4 a 

1 

2 


c. 4 


b. 7 


d. 15 

47. 


b. 


2 


d. 32 

53. 
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1* 



54. 


Kov muxf vantbM 


ara 


60. 


*\ 7 2 » 




a. 


thars Is on* 7«ar? 

4 c. 12 


a. 


h 


4 


b. 


7 4. 


52 
54. 


b. 


at 


5 

60. _j, 


55- 


l| x 4 * 




61. 


4* x 1,000 » 




a« 

b. 


4 c. 
4^ d. 


5 ' 
6 


a. 


45 c. 


4^000 






55. 


b. 


450 d. 


4,500- 


56. 


1x2* 








el • 


a. 


4 

i 


2 


62. 


4 x 12 « 




b. 


1 d. 


3 

56. 


a« 

b. 


3 c. 
16 d. 

• 


40 
48 

62. 


57. 

a. 


8 - 3 - ■ 
4 c. 










6 


63. 


14 - 6 » 




b« 


5 d. 


24 


a« 




20 






57. 


b. 


3 d. 


84 


58. 


2 X 2 > 








63. 


b. 


1 c. 

2 d. 


4 

a 


64. 


Which of the folloving is 




a correct statement? 






58. 




8 is less than 


2 


59. 

a. 


12 - 6 » 

k 


6 


b. 
c. 
d. 


3 is less than 

4 is less than 
2 is less thar 


2 

3 
3 


b. 


2 d. 


10 






64. 






59. 





V 



1. 



. TOPIC 

Which of the following is 
an example of the Chi tad 
States supporting foreign 
ts«ts? 
Giving grants to 
New Yorfc Ci+j and 
Miami 

Helping South Viet 
Nam 

Paring President 
Carter's salary . 
Purchasing tanKs 
and weapons for the 
UVS. Army 



b. 



d. 



i. 



If a child begins sdhool 
in the first .grade* how 
many years later will he 
be in the sixth grade 
(if he does not g*€^T 



held ever)? 

a. 1 year 

b. 3 years 

c. 6 years 

d. 8 years 



1 



2. 



1 



The correct answer, 5, was inad- 
vertently omitted from the list of 
distractors. This oversight was 
identified after the testing was 
completed. Children's responses 
were probably not adversely affected 



What does -recession* mean 
in the following sentence? 

President Carter has placed 
the U.S. economy in a state 
of recession . 

a/ An increase in business 
activity 

A decrease in business 
activity 

An increase in the 
number of jobs available 
A decrease in the 
number of states in the 
united States 



r 



b. 



d. 



3. 



What does -probability* mein 
in the following sentence? 

The orobabili tv that heads 
appears when tossing a coin, 
is \ . 



The chance that heads will 
appear 

The amount of time to 

toss the coin 

The amount of money the 

coin is worth 

The ability to toss the 

coin 



b. 



d. 



4. 



since "c" is the closest choice, and 
assumed to be the correct answer. 



CONTINUED 



0 



3. Which of the following 

describe* reading a book? 

a* Looking at the first fev 
pages and the last fev 

b. Concentrating on every 
sentence in every 
paragraph on every Page 
to determine the weaning 

c. listening to someone^ 
opiaios about the book 

d. - Hatching the story on 

television 

5. 

6. Which of the follovtng 
statements is .earpect? 

a. P.M. refers to 
morning tine, X.W. 
refers to afternoon tine 

b. A»M, refers to night tine 

c. P.M. " refers to morning and 
afternoon tine 

d. A.M. refers to naming 
tine, P.M. refers to 
afternoon tine 

6. 



8. What does -vhole milk* mean 
in the following sentence? 

The baby had to be given 

a special formula because 

he vaa. allergic to vhole mil* . 

a. Milk that has all its 
original ingredients 

b. Milk that Is treated 
vith food coloring 

c. Milk that is treated 

» 

vith sugar 

d. Milk that is nade vith, 

8. 

9. What happens 'to the average 
number of daylight hours as 
the months progress from 
June to December? 

a. Increases 

b. Decreases 

c. Remains the same 

d. First decreases, then 
increases 

9. 

10. What is a calculator used for? 

a. To determine a person's 
height 

b. To determine a person* s 
weight 

c. To add, subtract, 
multiply and divide numbers 

d. To ancre r questions about 
a story 

10. 



7. 'Nhat is a school district? 

a. The principal of the school 

b. The area in vhich schools 
are located, determining 

vhich^ chil dren a « y atten d 

c. The area in tfhich businesses 
are located and stores can 
be built 

d. The teachers in the school 



7. 



CONTINUED 



15 i 



1. 



Which of >the follovixag 
describes an elementary 

school? 

a. k school that' has 
children in kindergarten, 
first, second 9 third, 
fourth, fifth and sixth 
grades 

b. A school that has 
children in seventh, 
eighth, and ninth 
grades 

A school that has only 
children who are three 
to five years old 
d. A school that has 
children who are < 
fifteen* to eighteen 
years old 

11. 



.2. 



How does a recession 
affect the Gross 
National Product? , 

a. It increases 

b. It decreases 

c. It remains the same 

d. It increases and 
then decreases 



12. 



3. 



What does "buttermilk" mean* 
in the following sentence? 

My brother prefers to 
drink buttermilk with his 
lunch. 



a. 

b. 



c. 



d. 



Milk made from butter 
Liquid left after butter 
has been churned from 
the milk 

Liquid left after cereal 
is eaten 

Milk that takes the ' 
shape of butter 

13.- - 



14. What does "birthday" mean 
in the following sentence? 

Susie win celebrate her 
bi rthday on July 4th, 

a. Susie will be visiting 
lier aunt 

h. Susie will be one year old^r 

c. Susia will get a lot of 
presents 

d, Susie will have an ice 
cream cake _ _ 



15*- What does -average- mean in 
the following sentence? 
Jane's report card ayer ace 
is 95. 

a. Jane received 95 in math 

b. Adding all her marks and 
dividing by the number of 
marks 9 Jane received 95 . 

c. Jane's highest score is 95 

d. Jane*s lowest score is 95 

15. 



\ 



16. 



L 



What dm -daily- man 

in the following ^sentence? 

Mom raada tha newspaper 
daily to find out what 
food products ara on sale.. 



a. Evary 7« 

b • Every month 

c. Every week 

d. Evary day 



16. 



17* Purchasing guns, tanks 
and othar weapons would 
ba classified under 
which of tha following? 

a. Direct benefit 
payments to individuals 

b. Military spending 

c. Nat interest 

d. Other 

17. 



13. What does "allowance- 
mean in the following 
sentence? 

After Tern mowed the l^awn, 
Dad gave - him his allowance . 

a. Permission given to go 
somewhere or do something 

b. A pat to care for 'and to 
play with 

c. Money given to save or 
to spend 

d. A letter to be written 
and mailed 

is; 



19. 



21. 



What does -skim milk- 
mean in the following 
sentence? 

Mom bought sKim mi IX because 
she is on a diet. 

a. Milk that is treated 
with food coloring 
Milk that is fattening 
MiTk that has the cream 
removed 

Milk that is made with 
butter 

19. 



b. 
c. 

d. 



20. Hov can we determine who 

is the tallest in the class? 

a. By eating a lot of food 

b. By sleeping the most 

c. By standing next to 
one another 

d. By dressing proper l£ 

20. 



What does "calories" mean 
in the following sentence? 

Susan wondered about* how 
many calories were in the 
piece of chocolate cake 
that she ate. 

a. Unit of energy 

b. Unit of weight 

c. Chit of length 

d. Unit of time 

21. 



CONTINUED 
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22. If Frank is 175 an. 
tall, hov old do you 
thljik he is? - 

a. One year old 

b. Fiv» years old 
c Ten years old 

d. Twenty years old 

22. 



23. 



What happens to the 
average time of sunset 
as the months progress 
frcm January to June? 

a. It gets earlier 



b. 
c. 
d. 



It gets later 
It remains the same 
It first gets earlier, 
and then gets later 



23. 



24. What does "budget " mean 

in the following sentence? 

Every tine mom gets her 
paycheck 9 she plans her 
budcet. 

^ a. Dinners for the week 

b. How her money is to 
be spent 

c. Hov much time she has 

d. Appointments for the 
veek 

24. 



25. 



What does -net- interest" 
mean in the following 
sentence? 

The as£ ^interest offered by 

the United States Government 
turned out to be 11*. 

a. Shoving concern and 
liking someone 

b. The amount of money 
saved by U.S. citizens 

c. The amount of trust that 
people have in the U.S. 
Government ' 

d. -Money added to the cost 

of U.S. Savings Bonds 
when cashed in 

25. 



26. When does sunrise occur? 

a. In the aoming 

b. In the afternoon 

c. 3pi the evenipq 

d. ^in the winter only 

26*. 



27. Which of the following is 
NOT included as " school 
supplies-? 

a. Pencils 

b. Notebooks 
Carfare — 

d. Erasers 

27. _ 
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29. 

t 



28 . What does "homework" swan 
in the f ollowing sentence? 

It took Teddy three hours 
to do his science homework . 

a. Work that Teddy f s mother 
assigned him to do 
around tha houaa 

b. Work that Taddjr's 
taachar assigned him 

^ to do at horns 

c. Work that Teddy 1 s 
teacher assigned him 
to do in school 

d. Work that Teddy's 
father assigned him 
to do outside the > 
house 



28. 



When does sunset occur? 

a« In the morning 

b. In the sumner only 

c. In the evening 

d. In the winter only 

29. _ 



30« What does "vitamins" mean 
in the following sentence? 

Before eating breakfast, 
Andrew takes his vitamin? . 

a. Important exercise. 

b. Important organic 
compounds 

c. Important food for 
energy 

d. Important food for body 
building 

30. 



32. 



33. 



31. What does "enrollment" 
mean in the following 
sentence? 

Little League enrollment 
has increased since last 
year, 

a. The number of turns a 
player gets 

b. The number of homer uns 
hit 

c. The number of members 
belonging to or joining 
the league 

d. Tha number of children 
leaving the league 

31. 



What does ^height" mean 
in the following sentence? 

In school today, the teacher 
measured Tommy • s height . 

How much Tommy weighs 
How old Tommy is < 
How smart Tooany is 
How tall Tommy is 



a. 
b. 
c. 
d. 



32. 



How much would you expect a 
new ten-speed bicycle to 

cost in a store? 

/ 

a. Less than $5,00 

b. More than $5.0Q f but 
less than $10.00 

c. More than 510.00, but 
less than $20.00 

d. More than $20.00 



32. L 



CONTINUED 



34. 



What does thm tsrm 
"Gross National Product" 

r 

mean in tha f ollowing 



b. 



The SESia National Product: 
iru 1.2 trillion dollars 
in 1975. 



A big product for the 
nation 

The value of goods 
and services produced 
by U.S. rasidants 
Tha value of money 
made by tha federal 
government 
Tha tana collected 
by tha federal 
govcCTSsei^t * - 

34. 



d. 



36* Why would children want to 
read a lot of books? 

a. To increase their 
o inning speed 

b. To increase their 
* knowledge 

c. To increase tha number 
of pets they have 

d. To increase the amount 
of time they have to 
eat lunch 

36. 



b. 



35. What is a lov-caiorie diet? 

a. Eating foods that are 
fattening 

Sating foods that are 
not fattening 
Sating foods that have^ 
a lot of spices 
Eating foods that have 
no vitatains . 



d. 



35. 



37* During which month can 
you stay outside the 
longest because it gets 
dark tha latest? 

a. December 

b. November 
c« October 
d. July 

37. . 



38. For which activity is tha 
most time spent? 

a« Eating lunch 
b. Sleeping 
c« Doing homevdrfc 
d. Playing outside 

38. 



\ 



CONTINUED 



39. What is m rare stamp? 

a. k stamp that is widely 
used and available 

b. k stamp that is one-of- 
f-kind and of grsat 
r^JLua 

c« A stamp that is vary 

cheep to buy 
d« A stamp that can ba 

bought in every post 

office 

39. 


42* What does "carfare* mean 
in the folloving sentence? 

Fred spends 50* a day for 
carfare to go to school. 

a. Fred rides to school 
in a car vorth 50* 

b. Fred spends 50* for 
transportation to school 

c. Fred collects 50* for 
going to school 

d. Fred pays 50* for lunch 
at school 

42. 


40. What do as "U.S. Govarnmant" 
Man/ in tha following m 
sentence? 

Tha Government is verv 
rich. 

a. Tha President of tha U.S. 
b« Tha policemen who 

protect U.S. citizens 
c# Tha collective 

ur g an ii za winn tnnt runs 

the U.S. 
d. Each individual U.S. 

citizen 

40. 


43. Stamp collecting is a hobby. 
What do people who collect 
stamps as a hobby do with 
the stamps? 

a. Save or trade the stamps 

b. Use the stamps to 
mail letters / 

Cm Use the stamps to 

buy food 
d. Drav pictures of the 

stamps 


41. Which of the folloving is 
NOT classified as "goods 
and services 9 *? 

a. Manufacturing pencils v - 

b. Garbage collecting by 
government employees 

c. Driving a car for 
pleasure 

d. Teaching for a school 
system 

41. 


44. President Carter's salary 
would be classified under 
which of the following? 

a. Direct benefit payments 
to individuals 

b. Military spending 

c. Net. interest 

d. Other 

44. 


CONTINUED 



45. The amount of money budgeted 
for certain items is 
dependant upon vhich of 

the following? 

». Need 

b. Importance 

c. Chance 

d. Both (a) and (b) 

43, 

46. What does -weight- mean in 
the following sentance? 

Martin did not want to eat 
the chocolate calce because 
he wis worried about his 
weight * 

a. How hear? he is 

b. How tired he is 

c. How sad he is 

d. HOw smart he is 

_ * 46. 



47. 



What does -price- mean in 
the following sentence? 

The orice of the suit is 
$59.95. 

a. Style 

b. Color 

c. Weight 

d. Cost. 

47, 



48. What does "graduate- mean 
in the following sentence? 

After I graduate from 
high school, I will be , 
going to . college. 

a. Become tired of doing 
homework 

b. Successfully complete 
all courses and 
receive a diploma 

c. Receive an award for 
playing basketball 

d. Attend an assembly 
program 

48. 

49. What does -electronic 
calculator- mean in the 
following sentence? 

My friend does his math 
homework using an 
electronic calculator . 

a. A computing machine 
that runs on battery 
or electricity 

b. A miniature electronic 
ping pong machine 

c. A small computer 
that lists the errors* 
that are made 

d. A telephone that has 
buttons to press 

49. 



CONTINUED 
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50* What dots -yogurt* Man in 
tfaa f allotting sentence? 

My sister always eats 
for lunch* 



a* Scm vegetable* 

b. Scm Mat 

e« A low-calorie milk 

product 
d. A sandwich 

50. 



52. What doas "trend- mean 

in tha following sentence? 

If tha trend continues* 
tha coat of living will 
increase again next year. 

a* Different pattern 

b. Time 

c. Place 

d. Sane pattern 

52. 



51. What does -direct benefit 

payment- mean in the following 



Since he has retired, my 
grandfather receives a 
direct benefit Mymfrrt 
from the government in the 
form of a Social Security 
check. 

a. Money received to 
cover living expenses 

b. Tax reduction for 
working many years 

c. A special gift for 
men only 

d. Tax deduction for not 
vorfcisg any iari 

51. 



Cat the following pictura to 
r qua ions 1 through 3> 



A A £k 
A L 



D 
C 
B 



2. 



3. 



1. Which is the snallast 
quantity? 



a. A 

b. B 



c. 
d. 



C 
D 



1. 



Which is tha largest 
quantity? 



a. k 

b. B 



c. C 

d. D 



2. 



Which raprasants an amount 
of zaro? 



a. A 

b. B 



c. C 

d. Nona 

3. 



4. For what is a cirda us ad? 

' a. To show length and width 

b. To show height 

c. To show the parts of one 
whole 

d. To shov velum* 

4. 



Us# the following picture to 
answer questions 5 through 7t 



5. 



6e 



7. 




Which portion in the above 
picture is the largest? 
a. A c. C 

be B d. D 



5. 



Which portion in the above 
picture is- the smallest? - 

a* A Ce C 

be B d« D 

J 

6. 



Which portions in the above 
picture seem to represent the 
same amount? 



A and C 
B and D 



c. 
d. 



C and D 
A and B 

7,- 



CONTINUElJ 



Cm the following picture to 
usn:' questions 8 and 9» 

100 



40*0 

















i 











C H 



8. Which represents the 
largest quantity? 

a. E c. G 

b« F d. H 

8. 

9. Which represents the 
smallest quantity? 



a. 2 

b. F 



C. G 
d. H 



9. 



Use the following picture to 
answer questions 10 through 17s 
8 



A 3 C D 

10-. ..nat dots this picture 
represent? 

a. An increase 

b. A decrease 

c. Remains the same 
i. Increases and then 

decreases 

10. _ 



11. Which represents the largest 
quantity? 



a. A 

b. B 



C. C 
d. 0 



12. 



11. 



Lch represents the smallest 
quantity? 



a. A 

b. B 



c. C 

d. 0 



12. 



13. How much does each interval 
represent? 

a. One c. Four 

b. Two d. Eight 

13. 

14. What is the value of C? 1 



a. 2 

b. 4 



C. 6 
d. 8 



14. 



Which quantity has a aeasure 
"of 4? 



a. A 

b. B 



c. C 

d. 0 



15. 



16. Which quantity has a measure 
of 3? 



a. A 

b. 3 



c. C 

d. D 



16. 
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Question 17 refers to the picture 
fo* questions 10 through 17 on the 
previous page: 

17. When is a picture lifca this 
used? 

a. To show the parts of 
one whole 

b. To compare continuous 
information 

c. To compare information 
that is not continuous 

d. To show shapes of figures 

17. 



Use the following picture to 
- answer questions 18 through 24 t 

100« 



25- 



n 



A 



B 



18. Which two items represent 
the same 'amount? 



a. A and 3 c. 

b. 3 and C d. 



C. and D 
D and A 

18. 



19. What amount does C represent? 



a. 
b. 



0 
50 



c. 
d. 



100 
-125 

19. 



20, 



21, 



22. 



23, 



24. 



Which represents the 
largest quantity? 



a. 
b. 



A 
B 



c. 
d. 



C 
0 



20. 

Which represents the 
smallest quantity? 



a. 
b. 



A 
B 



c. 
d. 



C 

D" 



21. 

Which quantity has a 
measure of 100? 



a* 



A 
3 



Ce 
de 



C 
D 



22e 

Which quantity has a 
measure of 25? 



a. 

b. 



A 
B 



C« 

de 



C 
D 



23. 



When is a picture like .this 
used? 

a* To show the parts of one 

whole " 
b # To conpare different 

amounts , 
c # To show a straight line 
d« To compare continuous - , 

information 



24. 



CONTINUED 



1<J;> 



0 

ERLC 



Us* the following picture to answer 
questions 25 thro»xjh 27 1 

J\ » 10 triar^les 
25* What does the above picture 



mean? 
a. 



b. 



c. 



d. 



Ten triangles represent 
three triangles 
One triangle represents 1 
one triangle J 
Three triangles represent 
ten triangles 
One triangle represents 
ten triangles 

25. 



26. What would A A represent? 

a* Tvo triangles 

b. Five triangles 

c. Ten triangles 

d. Twenty triangles 

26. 



27. What would £ represent? 

a. One- half of a triangle 

b. Five triangles 

c. Ten triangles 

d. Twent7 triangles 

27. 
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Prior Knowledge Inventory Answer Key 

t 



Mathematical 


Content 




















I. c 


10. 


b 


20. 


b 


32. 


b 


43. 


d 


54. 


c 






2. d 


11. 


c 


21. 


c 


33. 


c 


44. 


a 


55. 


d 






3. a 


12. 


b 


22. 


d 


34. 


b 


45. 


c 


56. 


c 






4. d 


13. 


b 


<■ ~> • 


c 


35. 


d 


46. 


a 


57. 


b 






5. c 


14. 


b 


24. 


b 


36. 


b 


47. 


c 


58. 


c 






6. d 


15. 


d 


25. 


a 


37. 


a 


48. 


c 


59. 


c 






7. a 


16. 


c 


26. 


c 


38. 


b 


49. 


d 


60. 


b 






8. d 


17. 


c 


27. 


b 


39. 


d 


50. 


c 


61. 


d 






9. c 


18. 


b 


28. 


a 


40. 


c 


51. 


d 


62. 


d 








19. 


b 


29. 


c 


41. 


c 


52. 


c 


63. 


. b 












30. 


d 


42. 


a 


53. 


b 


64. 


d 












31. 


c 


















Topic 


























I. b 


5. 


b 


11. 


a 




A 

\X 


22 ' 




28. 


b 


34. 


b 


L . C 


A 


d 


12. 


b 


17. 


b 


23. 


b 


29. 


c 


35. 


b 


1 h 

J . o 


7 


h 

u 


* J • 


b 


18. 


c 


24. 


b 


30. 


b 


JO . 


D 


4. a 


8. 


a 


14. 


b 


19. 


c 


25. 


d 


31 . 


c 


37. 


d 




9. 


b 


15. 


b 


20. 


c 


26. 


a 


32. 


d 


38. 


b 




10. 


c 






21. 


a 


27. 


c 


33. 


d 






39. b 


45. 


d 


50. 


c 


















40. c 


46. 


a 


51. 


a 


















41. c 


47. 


d 


52. 


d 



















42. b 48. b 

43. a 49. . a 

44. a 

' if.-. 



Prior Knowledge Inventory Answer Key 



Graphical Form 



1. 


c 


8. 


a 


17. 


b 


25. d 


2. 


a 


9. 


b 


18. 


c 


26. d 


3. 


d 


10. 


a 


19. 


b 


27. -b 


4. 


c 


11. 


d 


20. 


b 




5. 


b 


i2. 


a- 


21. 


a 




6. 


a 


13. 


b 


22. 


b 




7. 


c 


14. 


c 


23. 


a 








15. 


b 


24. 


b 








16. 


d 
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* Instructions for Administering the Prior Knowledge Inventory 

1. Check students' seating arrangement. 

2. Each student who has parental consent should receive a pencil and a 
test booklet. You should have received a roster with this 
information. 

3. For your own information, there are six different forme of the 
Prior Knowledge Inventory in which the three subtests (Mathematical 
Content* Topic, and Graphical Form) have been arranged in 
different order. 

4. Read the following italicized instructions aloud to students: 

Good morning. 

You are being asked to participate in a research study to 
help determine how children read' graphs. lour results will 
be helping us to help children improve their graph 
reading skills. 

Today is the first of four session^. The results of the tests 
will not affect your marks in school, but please try to do * 
your jest and answer all of the questions. 
Print your first nam and you* last name in the space 
provided on the cover sheet. Also, write today's date, which 
is j in the space provided. Read the directions 

silently as I read them aloud tc you: 

In sentences A and B, plejase check the 'part that applies 

to you: 

A. I am a . boy. 

girl. 

If you are a boy, put a check in front of ,r boy. " If you are 
a girl, put a check on the line in front of "girl." 

B. At home, I do NOT speak English. I speak another 

language. 

If you do not speck English at home, but instead speak Spanish, 
Chinese, French, Greek, Italian, Russian, or another language, 
put a check on the line. 

At home, I speak English AND 1 or more other languages. 

If this statement applies to you because you speak English and 
Spanish, or English and Greek, or English and Chinese,- or 
English and German, or English and Italian, or English and 
another language, put a check on the line. 

erJc 



151 

Prior Knowledge Inventor/ - Administration Instructions - Continued 

At home, I speak ONLY English. 

If this statement applies to you, put a check on the line. 
Sou should have only one of the three lines in sentence B 
checked. If you have any questions , please raise your 
hand. 

5. After all questions have been answered , proceed to the next section, 
reading aloud the following italicized instructions: 

This booklet contains three parts: Mathematical Content, 

Topic, and Graphical Form. Don't worry if you do not 

understand these titles. Just read each question carefully 

and THINK before answering. 

You may find some questions to be more difficult than others. 
Try to do your best and answer all of the questions. 
DIRECTIONS : For each question, select the letter in front 
of the choice that best answers the question and place it 
in the space provided near the question. 
Have the following example ready on the chalkboard: 

52. What does tr house tf mean in the following sentence? 
Last week our house was painted. 

a. An airplane 

b. A place to live 

c. A car SI. b 

The correct' choice is b. You would write "b" in the space 
provided. Your scrap work may be done in the booklet. As 
you complete each part, go ahead to the next page. You will 
have' 1 hour and IS minutes to complete >thi3 test. If you 
should finish before time is up, go back and check your work. 
Thank you for your cooperation and participating in this^. 
research study. 
Are there ang questions? 

Open your booklet to the first page, and begin. 

6. Keep the time posted on the chalkboard. 

7. Inform students when there Is ten minutes left; one minute- l&ft . 
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PTior Knowledge Inventory - Administration Instructions - Continued 

8. When time is up, read the following aloud to the students: 

Stop work. Pencils dam. Close your 'booklets. Pass 

your booklet to the (front, left, right) . 

Instruct students to pass their booklets to the front or tht left 
o,r the right, which ever is appropriate or convenient for you. 

• Be sure to -collect all- pencils! 



/ 
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Appendix C 

tPrior Knowledge Inventory Items Reflecting Graph Test Items 

Key for -Matching Graph Test Items and Prior Knowledge 

Inventory Items 



1 72 



ERIC 



Prior Knowledge Inventory Items 
Reflecting Graph Test Items 



» r^m- Graph I It— EH I »~ Graph 3 ^ e '° fl i 

Inventory j 2 3 4 5 .6 12 3 A 5 6 1 2 3_ L 



Graphical 
Form Items 



17, 



27 

38 33 24 38 



1 24 
24 25 25 17 45 



Topic Items 16 ^ [6 ^ 38 ^ ^ ^ ^ ^ A0 51 

4 
20 

Mathematical 4 1 

Content Items m 4 20 45 11 



42 29 40 49 12 13 



5 
6 

7 



5 
6 



1 



Prior Knowledge Inventory Items 
Reflecting Graph Test Items 
(Continued) 



Prior Knowledge _ 
Inventory ^ 

Topic Items 



32 
46 



Mathematical 
Content Items 



Graphical 
Form Items 



Graph 4 Items 



Grsph 5 Items 



2 3 4 . 5 6' 1 2 3 4 5 6 1_ 



20 22 14 14 14 

32 32 32 >1 32 



2 

2 28 
23 37 



.9 



8 
9 
20 
21 



!1 

4 30 
14 14 47 



6 

I 7 



24 19 



22 

19 23 24 19 19 



Graph 6 Items 



2 


3 


4 • 


5 


6 




8 




8 


Q 
O 




13 


8 


19 


1 J 




19 


19 


21 


19 


19 


21 


21 


35 


21 


21 


50 


50 


50 


CA 

3U 




8 


3 




19 




43 


8 




22 




8 




8 






9 


8 


9 






18 


9 


18 






20 


18 


19 






21 


21 


20 




19 


24 


24 


21 





9 
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to 



Prior Knowledge Inventory Items ' 
Reflecting Graph Test Items V^) 
(Continued) 



Prior Knowledge 

Inventory j 



Topic Items 



Graph 7 Item s 

2 3 4 5 6 12 3 



Graph *8 Items 



Graph 9 Items 

4 5 6 1 2 3 4! 



10 10 10 

11 10 11 10 11 6 

49 il 49 49 49 10 15 15 15 



6 
15 

23 



6 
9 



29 15 34 
37 26 41 



3 


3 


3 


34 


12 


12 


41 


34 


34 



Mathematical 
Content Items 



10 14 



17 



15 
30 

16 39 15 



48 



raphlcal 
Form Items 



14 



10 
17 



11 

12 
17 



17 14 



15 
16 



10 
11 
12 
17 



13 17 



14 



15 
16 



11 
12 
14 



10 10 10 



0 
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Prior Knowledge Inventory Items 
Ref lecting^Graph .Test Items 
(Continued) 



Prior Knowledge 
Inventory 



Graph 10 Items 



Graph 11 Items 



6 1 2 3 4 5 



Graph 12 Items 



Topic f tenia 



7 
31 
48 



31 



2 7 5 5 5 5 5 5 
48' 52 36 36 36 36 36 36 



4 

33 39 

43 43 43 43 43 



Mathemat leal 
Content Items 



21 



3) 

~12 
35 
56 
52 
61 



44 



56 60 64 



34 


54 


25 


47 


47 


9 


51 


58 


34 


55 


55 


26 


57 


62 


53 


55 59 


63 


36 46 



Graphical 
Form Items 



25 
26 



25 



3 

27 



25 
26 
27 



25 
26 



25 
26 



25 27 



2S 
26 
.27 




t 

\ v f > > 
Key for etching Graph Test Items and Prior Knowledge 

Inventory Items 

Topic Subtest 



Item Graph, Item „ Item Graph, Item 



1 


(3,4) 


26 


(8,6) 


2 


(10,5)' 


27 


(1,2) 


3 


(9,4)(9,5)(9,6) 


23 


(2,S) 


4 


(5,5)(12,6> 


29 ' 


(8,'5) 


5 


(ll,r)(ll,2)(ll,3)(ll,4) 


30 


(6,1) 




(11,5)(11,6) 


31 


(10 ,.1) (10,2) 


6 


(8.1X8,5X8,6) 


32 


(4,1)(4,2X4,3)(4,4)(4,5)(4,6) 


7 


"(10,1X10,6)- 


33 


(12,5) 


8 


(6,3X6,4X6,5X6,6) 


34 


(9, 1X9, 2X9, 3)(9, 4X9,5X9, 6) 


9 


(3,6) 


35 


(6,5) 


10 


(7,1)(7,2)(7, 3X7*4) 


'36 


(11, 1)(11,2)(11, 3)(11, 4X11,5) 




(7,5)(7,6) 


(11,6) 


11 


(7,1)(7,2)(7,3)(7,5) 


3/ 




12 


(9^5X9,6) , 


38 


(1,3) 


13 


(6,3X6,6) 


39 




14 


(5,'l)(5,2)(5,3)(5,5)(5,6) 




C\ i \ c\ 2 W3 3 j (3 .5} 


15 — 


'(8,1)(8,«)(8,3)(8,5)(8,6) 


41 • 


/ Q 1 \ ( Q A \ 


16 


' (1,1) U. 3) 


42 


■ Cl.4f> 


17 


(3» . ' 


43-. 


(12,2)(12,3)(12,4)('12,5)(12,6) 


.18 




44 


(3,4) . . 


19' 


(6,2^(6, 3)(6,4)(6,5)(6, 6) 


. 45 


(3,6) 


20 


• (4,3/ 


46 


(Ml . • ,' 


21 


(6,1)(6,2)(6,3)(6,4) ' 


47 


, (6,1) 




(6,5)(6,6) 


22 


,(4,6) 


48 


(10,1)(10,5) 


49 


(7,1)(7,3)(7,4)(7,5X 


23 


(8,5) 




50 


(6,3)(6,4)(6,5)(6,6) 


24 


(3,1X3,6) 






(3,2X3,3) 


51 


(3,6) 


25 






iz 


(10,6) 
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' K*y for Matching Graph Test Items and Prior Knowledge 

Inventory Items 

Mathematical Content Subtest 



ICCO 


Graph , Item 


Item 


Graph, Item 


item 


\jrapn 9 item 


1 


(5,4) 


22 


(6,6) 


43 


(6,3) 


2 


(4.2) (4,4) (4,5) 


23 


(4,4) 


44 


(10,5) 


3 


(6,4) 


24 


-d.5) 


45 


•(2,6) 


4 


(2,4)(2,6) 


25 


(11,6) , 


46 


(12,6) 


5 


(12,4) 


26 


(12,5) 


47 


. C12,3)(12,4) 


6 


(5,5) 


27 


(1,6) 


43 


(9,4) 


7 


(5,5) 


28 


(4,5) 


49 


(2,6) 


3 


(6.3)(6,4) 


29 


(2,4) 


50 


(10,4) 


9 


(12,5) 


30 


-(9,1) , - 


51 


(11,4) 


10 , 


(7,3) 


31 


(10,4) 


52 


(10,4) 


11 


(3,5) 


32 


(10,4) 


53 


(11,6) 


12 


(3,3) 


33 


(1,4)- 


54 


(11,5) 


13 


(3,5) 


34 


(11,4)(11,6) 


55 


.(12,2)(12,J)(12,4) 


14 


(7,4) 


35 


(10,4) 


56 


(11 i) 


15 - 


(9.11(9.2) 


36 


(12,5) 


57 


(11,4) 


16 


(3,6) 


37 


(4,5) 


58 


(11,5) 


17 


(8,4) 


38 


d,3)(l,6) 


59 


(12,3) 


18 . 


(4,5) 


39 


(9,1) 


60 


(11,2) 


19 


(6,6) 


40 


(2,5) 


61 


(10,4) 


20 


(2,5)(2,6) 


*1 


(2,6) 


62 


(11,5) 


21 


(10,2) 


42 


(2,3) 


53 


(12,4)" 










64 


(11,3) 



I 

(. 
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Key for Matching Graph Test Items and Prior Knowledge 
• Inventory Items 

Graphical Form Subtest 
Item Graph, Item ( , 



1 


/in -twin A.W11 4^ 


2 


(10,3) (10,**) (11 » J ) U***) 


3 


/It IN 

(11,2) 


4 


(1 ,3) (2,4) u,omj , j; 


5 


(2 f 3)(3,6) 


6 


(2,3)(3,6) 


7 


(2,3) 


8 


(4,3)(6,3)(6,4)(6,5) 


9 


(4,3)(6,3)(6,*)(o,5) , - 


10 


(7,3) (8,3) (9,4) (9,5 M9,o; 


11 


(7,5)(8,3) (9,3) 


12 


(7,5)(8,3)(9,3) 


13 


(8,4) 


14 


(7,1)(3,1)(9,1)(9,3) 


15 


(8,2)(9,2) 


16 


(8,2)(9,2) 


17 


(7,3)(7,5)(7,6)(8,3)(8,4) 


18 


(6,3)(6,4>(6,5) 


19 


(4, 2) (4, 5) (5,1) (5,4) (5, 5) (6, 2) (6, 5) 


20 


(4,3)(6,3)(6,5) 


21 


(4,3)(6,3)(6,4)(6,5) 


22 


(5,2) 


23 


(5,2) 


24 


(4,4)(5,3)(6,3)(6,4) 


25 


U0,2)(ll,l)(ll,4)(ll,5)(ll,6)(12,l)(12,2)(12,3)(12,4)(12,5)(12,6) 


26 


(10, 2) (11, 4) (11, 5) (11, 6) (12, 3) (12.4) (12, 5) (12, 6) 


27 


(11, 2) (11, 4) (12, 2) (12, 3) (12,4) (12, 5) (12, 6) 



* 
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Appendix D 
Letters of Approval- 
Request for Parental Consent 



New York Gty V. Z Lvsngiwi Street 

Board of Education Brooklyn New York 1 12C 1 



rranx ' Maccrucrcia 
Char.c«t*cf 01 Scnocu 



AJonS Sumnar 



January 11, 1980 



2-smaor ;Atans) 

Othc* oi Educssonal Evaiucson 
'212) «96-4C45 



>fe. Prances R. Curcio 
Deparnnent of Education 
Sc. Francis College 
ISO ftenfcen Street 
Brooklyn, SY 11201 

Dear Ms. Curcio: * ^. 

I am happv to inform you that your proposed study entitled, 'The 
Effect Of Heading And Math Achievement, Race Status, Sex And Prior Knowledge 
On Ccnprehending Machemcical Relationships Expressed In Graphs" t has oeei 
approved by the Office of Educational Evaluation with the following 
conditions: 

L Before involving any child in your study, you 
must obtain written parental consent. (I have 
aiclo-ied a form which you nay follow in drawing 
up your own Parental Permission Foxsl ) 

2. Your reoort of the study should not include 
idaitification of any school or school personnel. 
A code system should be used. 

^ 3, You must make it very clear to your prospective 

respondents that their cooperation is on a purely 
voluntary basis. 

Whenever your report is ready, I would be interested in receiving 
a copy. Best wishes in this enceavor. 



ASB/ch 
enclosures 

P S You may duolicate this letter in any quantity you need in order to 
inform cooperating principals and ccromity superintendents tnat you 
•received approval term the Office of Educational Evaluation. 




Sincerely, 



Alan S. Blumer 
Director (Acting) 



CITY OF NEW YORK 
BOARD OF EDUCATION 

office or School District 20 
toai - s^tm imirr 

•AOOKi.YN. NCW YOMK Mitt 

til ttwiaoo 



Lucretia Marcigiiano 



January 17, 1980 



Ms. Frances H. Curcio 
CepartT-ent of Education 
St* Francis College 
139 Ramsen Street 
Brooklyn, New York 11201 

Dear Ms. Curcio: 

You have :ny permission to conduct your resear 

within District 20. * 

Good luck in your endeavor. 

Very truly yours, 



cr. stucv 



DENIS M. FLEMING ^ 
Ccrnmunity Superintendent 
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St. Francis 




212 - 522 

> • 


ISC Rcffi*n Street 
Btooklyn, N. Y. U-wl 


College 


| 


Department of Education 







September, 1980 



Dear," Parents : 

Your child j of class has been 

selected to participate in a federally funded testing program,* 
scheduled to take place tfcis Fall. The purpose of this program 
is to discover bow graph reading ability can be assessed and, 
ultimately, Improved. Since the ability to read a graph is a 
basic skill required for literacy, a graph test has been 
designed to reflect different tasks of comprehension. 

The graph test, reading test ^nd mathematics tjst will be 
presented to your child during class time and will be administered 
during four different testing sessions (each lasting approximately 
one hour). 

I am requesting yotir permission to present the graph 
exercises and achievement tests to your child and ask hiVher 
hov he/she answered the questions pertaining to the grap^;. The 
results of the tests will include NO identifying de\*ice, 
signature or number so that the confidentiality of your child's 
reply will be completely secure, 

v 

Please sign the statement of consent belo* and have your 
child return it to his/her teacher tomorrow, if you have any 
questions, please feel free to contact me at JA2-2300, x 282% 

Thank you for your cooperation and interest, in helping 
children develop basic skills. 



APPROVED! 





cerely, 



ancesv&r Clirci^ 
/y^Y) Project Director 



'DENIS M. FLEMING 
District 20, Communit 




uperintendent 



Dear Miss Curcio* 

I give my child 



of class 



permission to participate in" the federally funded testing program, 
I understand that the purpose of this program is to discover how 
graph reading ability can be assessed, and ultimately, improved. 



Date 



Parent's Sicnature 



9 

ERLC 



13. 
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Appendix E 

Zero-Order Partial Correlation Matrix for 
Fourth-Grade Girls and Boys 

Zero-Order Partial Correlation Matrix for 
Seventh-Grade Girls and Boys 

First-Order Partial Correlations of 
Graph prehension Results of Fourth-Grade Girls and Boys 
with Reading and Mathematics Achievement 

First-Order Partial Correlations of 
Graph Comprehension Results of Seventh-Grade Girls and Boys 
with Reading and Mathematics Achievement 

Second-Order Partial Correlation Matrix for 
Fourth-Grade Girls and Bo/s 

Second-Order Partial Correlation Matrix for 
Seventh-Grade Girls and Boys 



IS* 



Table El 

Zero-Order Partial Correlation Matrix for 
Fourth-Grade Girls and Boys 



Variables 



Topic 

Mathematical 
Content 

Graphical 
Form 

Heading 

Achievement 

Mathematics . 
Achievement 



Mathematical Graphical Reading Mathematics Graph 
To pl c Content Form Achievement Achievement Comprehension 

.65 



,25 



.54 



71 



51 



.51 



42 



,35 



,42 



.52 



.58 



.58 



. .56 



.60 



.52 



.62 



.62 



.65 



.62 



.61 



56 



.70 
.64 
.67 
.70 



Graph 

Comprehension 



.61 



.55 



62 



,73 



.65 



Note. The entries above the diagonal are the correlations for the fourth-grade girls. The 
italicized entries below the diagonal are the correlations for the fourth-grade boys. All 
correlations are significant at p < .001. 



I So 



coir 







9 


• 






\ 


<* 






Table E2 






§ 






Zero-Order Partial Correlation Matrix 
Seventh-Grade Girls and Boys 


for 




Variab les 


Topic 


Mathematical 
Content 


Graphical 
Form 


Reading 
Achievement 


Mathematics 
Achievement 


Graph 
Comprehension 


Topic 




.54 


.47 


.65 


.46 


.60 


Mathematical ^ 
Content , 


.55 




.41 


.59 


.67 


.73 


Graphical 
Form 


.46 


.38 




.56 


.49 


.49 


Reading 

Achievement 


.72 


.43 


.41. 




.68 


.67 


Mathematics 
'Achievement 


.45 


.59 


.35 


.50 


• 


70 


Graph 

Comprehension 


.55 


.59 


.41 


.69 


.67 





Note* The entries above the diagonal are the correlationa for tt.e seventh-grade girls. The 
italicized entries Below the diagonal are the correlations for the seventh ^rade boys. All 
correlations are significant at p 4 .001. 
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Table E3 

First-Order Partial "Correlations of 
Graph Comprehension Results of Fourth-Grade Girls and Boys 
with Reading and lathematics Achievement 
Controlling for Mathematics and Reading Achievement, Respectively 



Variable 



Graph , Comprehension 



Girls 



Boys 



Control 
Variable 



Reading 

Achievement 



.42* 



.58* 



Mathematics 
Achievement 



Mathematics - 
" Achievement 



.50* 



.43* 



Reading 

Achievement 



*p <;ooi. 



Table E4 

First-Order Partial Correlations of 
Graph Comprehension Ret alts of . Seventh-Grade Girls and Boys 
with Reading and Mathematics Achievement 
Controlling for Mathematics and leading Achievement, Respectively 



*p <..001. 



Graph Comprehension 



Control 
Variable 1 



Reading 

Achievement 


.37* 


.55* 


Mathematics 
. Achievement 


Mathematics 
Achievement 


.46* 


.52* 


Reading 

Achievement 







• 


Table E5 


• * - 




Second-Order Partial Correlation Matrix for 
Fourth-Grade T iris and Boys 
Controlling for Reading Achievement and Mathematics Achievement 

I 




Variable* 


Topic 


Mathematical Graphical 
Content Form 


Graph 
Comprehension 


Topic 




.12 . . .11 


.29** ' 


Mathematical 

Content 


- .05 


* 

.25* 


.41** 


Graphical 
Form 


.18 


.20* 


.26** 


Graph * 

Comprehension 


. 14 

\ 

\ 


.35** .22** 


• 


Note. The entries above the diagonal are the second-order correlations for the fourth-grade girls. 
The italicised entries below the diagonal are the second-order correlations for the fourth-grade boys. 


*p C .05. 






i 


**p < .01. 
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Table E6 

Second-Order Partial Correlation Matrix for 
Seventh-Grade Girls and Boys 
Controlling for Reading Achievement and Mathematics Achievement 



Mathematical 7 
Content 



Variables 



.Topic 



Graphical 
Form 



Graph 
Comprehension 



Topic 



.26* 



.17 



.31** 



Mathematical 
Content 



,35** 



.04 



.45** 



Graphical 
Form ' 



.19 



.13 



Graph 

Comprehension 



:04 



.27** 



.12 



Note. The entries above the diagonal are the second-order correlations for the seventh-grade girls. 
The italicized entries below the diagonal are the, second-order correlations far the seventh-grade boym~. 



*p < .05. 
.**p < .01, 
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Appendix F 

AN EXFLPRATOKY, DESCRIPTIVE ANALYSIS OF PROCESSING 
INFORMATION PRESENTED IK GRAPHICAL FORM 

Compiled and Written with the Assistance of 
Dr. M., Trika Smith-Burke 
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AN EXPLORATORY, DESCRIPTIVE ANALYSIS OF PROCESSING 
INFORMATION PRESENTED IN GRAPHICAL FORM 



ft. 

Introduction 



The ideas, rationale, and objectives for this exploratory, 
descriptive study developed from the results of the experimental study 
presented and discussed in Chapters 4 and 5. The method employed in 
the dissertation was designed to explore the effect of prior knowledge 
on graph comprehension which focused on the "product" of each measure, 
i.e., the results of objective testing. The questions were designed to 
determine what prior knowledge (including knowledge of topics, mathematical 
content, and graphical form) about the specific graphs students had, and 
how well students were able to comprehend the mathematical relationships 
expressed in the graphs. It was thought that how prior knowledge affects 
gr^ph comprehension might be somewhat revealed by asking children to 
respond to graph items requiring them to "think aloud." In this way, 
the "process" of comprehension, highlighting some of the strategies that 
might be employed by children trying to determine the "meaning" of the 
graph, might be revealed. 

Rationale 

The graph test designed for the experimental study (see Appendix 
A) was composed of twelve graphs each containing six questions reflecting 
three levels of comprehension. Two questions were "task a" items 
(requiring a literal reading of the data, title, or axes' labels); two 
questions were "task b" items (requiring comparisons and the use of 

13:> 
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mathematical concepts and skills to read "between the data"); and two 
questions were "task c" Items (requiring an extension , prediction, or 
inference dependent upon prior knowledge to read ''beyond the data"). 
Similar to comprehending general discourse, it is Important to explore 
whether certain tasks are confronted by individuals from a text-base 
(bottom-tip processing), schema-base (top-down processing), or a 
combination of both (Spiro, 1980, Note 1). Since the results of the 
experimental study seem to indicate that for different grade levels, 

different aspects of prior knowledge affect graph comprehension, the 

»» 

descriptive data collected in this small-scale study might add a new 
dimension to the statistical analysis. Allowing individual children 
to comment, react, and discuss their answers to selected graph tasks 
might contribute to our limited understanding of graph comprehension. 

Janvier (1978) recognized the difficulty of assessing the influence 
of relevant prior knowledge on graph comprehension. However, interviewing 
the adolescents in his sample did enable him to categorize responses and 
formulate hypotheses. His work has provided some foundation upon which 
this small-scale investigation was based. 

Objeotivee 

A supplemental, descriptive analysis was conducted ex post facto « 
The purpose of this additional exploratory work was to: 

1. Examine how children process different tasks of comprehension; 

2. Identify how prior knowledge affects graph comprehension and 
the strategies employed to bring that knowledge to bear; 

3. Obtain students' reactions and suggestions for Improving aspects 
of the graphs and questions which might be confusing; 

19n 



4. Relate descriptive data collected to the results o£ the 
previous study; 

5. Develop and refine interview protocol and probing techniques; 

6. Generate research questions. 

The Sample 

Eight fourth graders (3 girls and 5 boys) and 9 seventh graders 
(5 girls and 4 boys) who participated in the original study were - 
interviewed and their responses wete taped. In the following text, 
children are referred to by an identification number of the form SGN f 
where S - student, G - either 4 or 7 (representing the grade level), 
and N - 1 through 9 (not representative of the order interviewed). 
The children were selected so that different levels of reading and 
mathematics achievement were represented. See Table Fl for a list 
of the students 9 reading and mathematics achievement profiles. 

Procedure s 

The interviews were conducted by three individuals who were 
prepared to follow the interview protocol (see Figure Fl). Two ot 
the interviewers were totally unknown to the children. One interviewer 
had been at the school on previous occasions. Each interview lasted 
approximately 40 minutes. All interviews were completed in two days, 
during the Spring, 1981. The interviews took place in the school 
library and a resource center, where the conditions were quite similar. 
The child, was put at ease by informal chatting about the child^s 
birthdate, and introductory information. The interviewers also explained 

l'J. 
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/ TABLE Fl 

/ 

/ Fourth- and Seventh-Grade Students 9 Reading 
' and Mathematics Achievement Profiles 



ID Reading Mathematics ID Reading Mathematics 



S41 


High* 


High 


S71 


Low b 


Low 


S42 


High 


High 


' 'S72 


High 


Low 


S43 


Low 


Low 


S73 


High 


Lfcw 


S44 


High 


Low 


S74 


High 


High 


S45 


Low 


High 


S75 


High 


Low 


S46 


High 


High 


S76 


High 


Low 


S47 


Low 


Low 


S77 


High 


Low 


S48 


High 


High 


S78 


Low 


Low" 








S79 


Low 


Low 



a The median scores were used to determine high/low achievement. 
High reading ■ a raw score > 42 (the median score) on the SRA Reading 
Test, Level D; Low reading ■ a raw score £ 42. High mathematics ■ 
a raw score > 48 on the SRA Mathematics Test, Level D; Low mathematics 
a raw score £ 48. 

^The median scores were used to determine high/low achievement. 
High reading - a raw score > 55 on the SRA Reading Test, Level F; Low 
reading ■ a raw score 4 55. High mathematics ■ a raw score > 34; Low 
mathematics - a raw score < 34. 
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Int#rri«v Protocol 



Hw iatorvlow protocol, raf 1 acting tho objactlvaa of thia 
exploratory work, two an follow* t 

Got atudonta' blrtbdata and/or ago and firot um. 
4 few month* ago you took soma math too to. The reason why you took 
these too to to t/wzt no or* trying to loom how students understand 
and solve math problem. 

Uhat I'd like to do today is ask you some questioned about tho math 
auctions from tho toot, Uhat I'd- liks you to do is to toll ms 
how you understood tho problem, how you figured out which answer 
to ohooso, and why you did not ohooso tho other possibls answers. 
If you found somsthing confuting or you did not undorotmd 
somsthing in a problem, m this ts just ao important to toll mo a* 
tolling mo about uhat you understood eomplstsly. Us really need 
your holp to design bottor materials for student*. O.K., lot s •tart. 

1. Tint, hero are four problsms from the toot (displaying four 
different groph-typoo, without quootlono). Uhat are thsss drowtngs 
called? (try to olUlt opoclflc tyooo of graphs.) 
I. Can you Ull mo where you might ooo thsss graphs? (If otudont 
ooyo, "toxtbooks." probo for rool Ufo contoxto oo wall oo ooklng 
vhot kind of tsxts.) 

o. Vhot kind of tsxts? 

b. Can you think of any other plaoss you might ooo thsss 
that don't have to do with school? 

or 

Can you think of any materials othsr than tsxts that thsss 
graphs appear in? 

3. Uhy do you think graphs are ussd in thsss maUriaU? Why would 
eomsone uoo a graph to desoribs a situation? 

4. There are four different kinds of graphs here. Vhy do you 

think someone making a graph might us* one kind of graph oyer another? 

Are thsrs diffsrent reasons for choosing to uss one kind of 
graph ovsr another? . 

Uhat kind of information is ueually reprssentsd in a bar graph? 
CiroU graph? Lino graph? Hatograph? 

3. Could you desoribs an sasisr way to represent the information 
in a graph? 

soforo showing graphs, ook fourth grsdsrs qusstions ook 
oovooch grodoro ouootiono 8-11 t 

6. If you were a stamp collector, why would you collect stomps? 
Bow does collecting stomps relate to the valus of tlu stamp? 
I/hat makes ths value of a stamp inareass? 



\ 



7 Bow do you spend your day? Uhat kind of aotivitiee do you do? 
*iTacU*?y totos torn* time? Least tims? Uhich do you like 
beet? During school? After school? 

g Uhen ie sunest? Sunriss? (Itako ouro to ollclt A.H./P.M.. 
wornlng, oftomoon, ovoniag.) Bow long are tfes days in ths 
winter compares) with days in the summer? Could you tell ms why 
this is so? 

9. Bow tall are you (approsrmtely)? Uhat othsr •oalscm you 
be measured in? Do you havs any brothers or svsters? Older? 
Youn^er?Bow does youheight compare with your brothsr's /sister's? 

10. Bavs you ever heard of "Gross Motional Product"? Uhoro have 
you hsard Wis term? Uhat do you think it means? Do you know 
that a reosssion is? Uhsrs havs you heard this tsrm before? 

11. Do you know how the U.S. Government epi^ds its money? 
Uhat kinds of things is ths money spend for Are thsrs osrtain 
items that rsquixs mors money than othsr itsnu./ Bow to this 
determined? 

Scanning 

12. 0.*., Ist's look at ths first graph, first I'd liks you to 
toll ms what you know from just looking at ths graph. (Probo for 
tltlo ond oxoo.) 

13 Mow what I'd liks to do is go over each question. Please tell 
ms'what you are thinking and how and why you ohose l^. 
Remember, if something ie confusing, plsaso toll me why %t s 
aonMifig and what you did with this whsn you tried to answer the 
questions. 

14. Bow Ull ms why you didn't ohooss ? (Frobing) 

13. Io tfcoro anything about this graph or thsjmsotiono that you 
think might be confusing for fourth /ssvsnth graders? 



, ON 

l Wrltton with tho ooolotonco of Or. M. Trlko felth-lurko. 
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that the tape recorder, which was within view, was being used to 
help remember all the suggestions that the child made. In some cases, 
the interviewers read the items and distractors aloud, the child read 
them aloud, or, the child read them silently. This procedure was 
dependent upon the child's reading/decoding ability and whether the 
child preferred to read orally or silently. In some cases the interviewers 
gave the child feedback as to the correctness of the responses, in some 
cases the child was told the correct answer when asked, and in some 
cases the child was corrected for misconceptions. 

All the students wetfc questioned about Graph 8: Average Time of 
Sunset (see Appendix A, page 118), and a revision of Graph 4: Height 
of the Rodriguez Children in March, 1980 (see Figure F2). This 
revision was made because it was interesting to observe students' 
reactions to a format contrary to their expectations, contrary to what 
is seemingly "natural," and contrary to what they have been "traditionally" 
taught (Kosslyn, Note 2). The revision entailed reardftiag the vertical 
axis so that the numbers were decreasing from bottom to top, and 
rewriting items 4 and 5. For the interviews, item 6 was used In the 
following, original form: 

"If Pedro is 5 years old, which of the following is a correct 
statement? 

a. Pedro is much too short for his age 

b. Pedro' could never be that tall for his age 

c. Pedro is of l^age height for his age 

d. Pedro is thin*?** his age." m 

It was recognized that a region of this item was necessary because 
the original form of item 6 Has more than one "correct" answer (a and b). 
Therefore, item 6 is revised for future use in Figure F2. 
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Revision of height or the .odricub an ton eh in march, mro 




Maria 



Children 



Juan 



Pedro 



USE TIIE CRAHl ABOVE TO ANStCR TIC 
FOLLOWING QUESTIONS. 



What dots this graph tell you? 

a. The weight of the four 
Rodriguez children in 
March, 19W> 

b. The grades of the four 
Rodriguez children in 
March* I960 

c. The height of the four 
Rodriguez children in 
March, 19B0 

d. The age of the four 
Rodriguez children in 
March, !9«0 
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2. How tall was M.irl 
a. 75 inches 
b« 100 inches 

c. 100 centimeters 

d. 125 centimeters 



Who was the tallest? 

a. Juan 

b. Pedro 

c. Jose' 

d. Mar^a 



Figure F2. 



How much taller was Jose than Juan? 

a. 25 centimeters 

b. 50 centimeters 
c« 75 inches 

d. 75 centimeters 



5, If Maria grows 5 centimeters and 
Jose grows 10 centimeters by , 
September, 1981, who will be taller, 
and by how much? 
a. Maria will be taller by 30 
centii k ters 

Joue will be taller by 30 
centimeters 

Maria will be taller by 25 
centimeters 

Jos/ will be taller by 25 ^ 
centimeters 



b. 



c. 



d. 



6. If , Pedro is 5 years old, which of the 
'following is a correct statement? 

a. Pedro could never be that short 
for his age / 

b. Pedro is much too tall for his 
age 

€• Pedro is of average height for hi 
age 

d. Pedro is thin for his age 
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Four fourth graders ware questioned about Graph 2: How Terry Spends 
a School Day (see Appendix A, page 112), and four fourth graders were 
questioned about Graph 12: Stamps Collected by Children, (aee Appendix 
A, page 122). Five seventh graders were questioned about Graph 9: 
The Cross National Product During 1969 Through 1979 (see Appendix A, 
page 119), four seventh graders were questioned about Graph- 3: The U.S. 
Government's 1981 Dollar Budget (see Appendix A, page 113), and one 
seventh grader was questioned about Graph 2: How Terry Spends a. School 
Day (see Appendix A, page 112). The graphs were selected because a 
variety of ^raph-types was desirable, and, the level of difficulty 
had to be relative to thr grade levels of ^he children. Also the 

r K 

amount of time did not warrant the use of all twelve graphs. 



Criteria for Inferences 

% The interviews revealed! that the children approached different 
tasks of comprehension differently. As a result, in order to identify 
the processes of comprehension and analyze the responses, the following 
categories were identified and criteria for classification and evaluation 
were assigned: 

1. Text"Ba8e4 (also termed bottom-up processing). In the 
children's descriptions or explanations they clearly referred to the 
graph by pointing to it or by remarking, "I found the answer right 
here on the graph.". (It is important to note that in order to refer 
to the graph, knowledge of how to read the data directly from the graph 
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was implicit; i.e., the 'children knew how to locate specific coordinates 
or refer to the axes' labels.) 

2. Schema-Baaed (also termed top-down processing). Responses of 
the children who relied upon their background knowledge when responding 
to graph questions can be classified into the following categories: 
, a. Not attending to the graph. The children described how they 

answered the questions by stating, "I did.it without looking at the 
graph," or M I got the answer off the top of my head," or "You really 
just have to know [the vocabulary]. 11 

b. Attends to the graph but is distracted by the topic' In this 
case, the children were overly concerned with the topic of the graph 

to such a great extent that their descriptions and explanations go 
off on a tangent; i.e., the discussion is somewhat related to the graph 
L . «.:» children are sidetracked by "pouring out" their prior knowledge 
abort the topic. 

c. Attends to the graph but does not recognize inconsistencies. 

In this case, the children made specific references to the graph but they 
were not flexible enough in their thinking to recognize information that 
might have been contrary or inconsistent with what they thought or had 
learned previously. In Piagetian terms, the children were probably able 
to assimilate the incoming information, but unable to accomodate it, 
i.e., make revisions in their already-establi3hed, relevant schemata. 
3. Text-/ f Schema-Based. In this case, the children were able to 
? integrate the relevant information from the graph with the relevant 
background knowledge. This is evident by children referring to particular 
aspects of the graph and describing how that information was used to 
obtain an answer. 

* 204 
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Results and Discussion 

It is Important to mention that this supplementary data is 
exploratory in nature and that these results are to be reviewed 
n with caution. 

Text-Based Comprehension Processing 

All the children, except one (S79), answered the task a questions 
by referring to the text. Not all children, however, were adept at 
reading the data directly from the graph. In some cases, fourth 
graders had trouble with Graph 8, matching the months on the 
horizontal axis with the average time of sunset on the vertical 
axis. Perhaps horizontal and vertical lines should be used 
(similar to graph paper) for younger children to help guide them in 
locating coordinate pairs on a line graph. 

The following examples reflect text-based comprehension processing: 

Example 1. Referring to Graph 8, Item 2. 

I 1 : All right. Number too. (reading item #2) 4:SS P.M. 

is the average time of sunset during which month? 
S71: (pause) Decerriber. 
I: O.K. , and how did you do that one? 
S71: I looked at the graph. 

Example 2. Referring to Graph 8, Item 2. 

I: let's look at number 2. 

SA2: (silent reading) November? 

I: And, how did you get that answer? 

S42: Because this thing goes right across here and it's 

right on top, it looks on top of November (showing 

on the graph). 

Example 3. Referring to Graph 12, Item 1. 

I: (reading item #1) What does each symbol, like this, represent? 
O.K., now can you tell me how you figured out which 



*I - interviewer. 
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answer you chose and 'how you figured it out? Take your time. 
S41: Well, I looked at the symbol and I then looked at that 
thing (pointing to the key), right? and I saw it was 
four stamps, and I picked c. 

The above three examples represent typical responses to task 

a items. (Task a items were the first two questions for each graph.) 

Since task a items require ^Literal reading of the graph, it seems 

ao though students enact text-based processing strategies for this 

type of comprehension. In general, students who employ text-based 

processing strategies for task b or task c items usually do not 

have enough information to respond to. the questions successfully. 

Examples 4 and 5 highlight this problem. 

Example 4. Referring to Graph 2, Item 5. 

- I: O.K., 'number five, go ahead. 

S47: (reading item #5) Bow many hours a week, not • 
including Saturday and Sunday, does Terry spend 
on her homework? Two, a* 
I: Why did you choose two? 

S47: Because it says right here (pointing to the graph) 
he spends two hours a w£Sk on homework. 

Example S. Referring to Graph 8, Item 5* 

I: (reading item #5) Which of the following graphs 
represents the average time of sunset in January 
to June that will make the above graph represent 
one complete year? ,. t . 

S77: (long silence) I think that one. ' 

I: Which one is that?^ What letter? 

577: a. 
„ I: Why did you chose a? 

S 7 7: It's curvey like (pointing to the graph) 

I: It's the same curve as the other one? (referring to 
the main graph) 

S77: Yeah. 

In Example 4, S47 (as well" as other students) did not bring essential 
prior knowledge of .mathematical content to bear by multiplying two 
hours of homework per day by five days (seven days in a week minus 
two days for Saturday and Sunday). It is possible that S47 did not 
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did not remember that the circle graph represented the time spent 
during one day, since reference is made to "a week/" However, during 
the preliminary discussion about the graph, the student did recognize 
that the activities and time for each was during one day. 

In Example 5, S77 concentrated on the graph without considering 
what was tteing asked and bringing forth any prior knowledge that 
might have been relevant to what was asked. Some prior knowledge 
related to this topic was identified throughout the interview because 
after probing, S77 answered items 3, 4, and 6 correctly. 

In both cases, the students 1 limited information (obtained 
solely from the text) was inadequate in processing tasks of 
comprehension designed to tap their prior knowledge. A question for 
future research is "How can we help students recognize when the 
answer is solely in the text,*and when the text itself is inadequate?" 

Seherrkz-Based Comprehension Processing 

The interviews revealed three aspects of schema-based comprehension 
processir3: not attending to the graph and relying solely upon oqg/s 
prior knowledge; attending to the graph but the topic leads the reader 
astray; and, attending to the graph but inconsistencies are not 
recognized. These three aspects are considered and discussed in 
relation to some excerpt* of the interviews. 

Not attending to the graph and relying solely upon one f s 
prior knowledge. Some children had such a rich knowledge base that 
the information in the graph was superfluous and not needed to answer 
some of the task b and task c items. (Fc<r every graph, task b items 
were the third and fourth questions, and task c items were the last 
two question*.) 207 
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In general, seventh graders were more successful at attempting 
to answer Items solely based upon their background knowledge than 
fourth graders. Although more fourth graders attempted to answer 
questions without attending to the graph (7 out of 8 fourth graders 
as opposed to 4 out of 9 seventh graders) / only two of the fourth 
graders were successful in selecting the correct answer (one admitted 
to guessing) and .all four seventh graders were successful in their 
schema-based responses. Perhaps fourth graders' reliance upon their 
prior knowledge of the topic of the graph (without attending to the 
graph itself), compounded with their inadequate prior knowledge, might 
explain why prior knowledge of the topic of the graph is a predictor 
of fourth graders 1 graph comprehension ability. 
* * The following examples highlight this schema-based processing 
approach: 



Example 6. Referring to Graph 8, Item 5. 

I: O.K., number five, (reading item #5) Which of the 
following graphs represents the average time 
of sunset from January to June that would make 
the above graph represent one complete year? 

S74: One complete year, or just half? 

I: One complete year. 

S74: (long silence) It would be b. 

I: O.K., what did you do to get b? 

S74: I know that the amount of sunlight per day increases 
from January to June and then b was the only graph 
that showed an increase. 

I: How do you know that it increases from January to June? 

S74: I've seen the sunset get earlier during the year. 

I: Did you need to use the big graph over here to figure 
out the answer? 

S74j Ho. 
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Example 7. Referring to Graph 8, Item 3. 

I: All right. Number three, (reading item #3) As the 

months progressed from June to December, vhich of ^ 
the following is true about the average time of sunset? 
S48: (long pauae) Sometimes it gets earlier. 
Is Can you explain to me how you figured that out? 
S42: Well, . . . you have to set the clock back one hour. 
I: And, what does that tell you about? 
S42: Well, v you set your clock back frcm 2*00 to 1:00 then 

that's earlier. 
I: I see. And haw does that relate to sunset? 
S48: I don't knew. 

I: That's an interesting question, isn't it? Lev's look 
at the graph here and see if you can tell me how you 
figured out the answer you got. You said that as 
the months progressed from June to December which 
of the following is true about the average time of sunset 
and you said it gets earlier. O.K. Bow would you know 
that from the graph? 
S48: I didn't use thejgraph. 

Example 8. Referring to Graph 8, Item 4. 

I: Let '6 look at number four. 
S42? (silent reading) 1 think about three hours. 
I: . And,, how did you get. that? 

^S42: Because in the surmer the days are long, and it's 

a very long time before it gets dark. 
I: Vm hm. And why did you pick three hours instead of 

two-and-a-quarter or, why not one-and-a-quarter, or one-and- 
a-half for that matter? 
S42: (pauae) Because it isn't that long. That would be the 

time in the fall or in the winter. 
I: Urn hm. (pauae) Oh, I understand what you're saying. ^ 
Did you need the picture to answer this question or did 
you just answer it off the top of your head? 
S42: Off the top of my head. 

I: If you were to refer to the graph, would you stvll say 

three hours or, would you change your mind? 
S42: (Pauae) J would still say three hours. 

In Examples 6 and 7, the students answered the items correctly by 
relying: upon their prior knowledge of the topic. In Example 8, where 
lifting relevant information from the graph (e.g., specific times) and 
computing the anawer waa required, the atudent waa not successful. It 
might be possible that in general, fourth graders are unable to distinguish 
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between their knowledge and that which is applicable to the task at hand, 
and then switching to the graph to locate necessary information when the 
prior knowledge is inadequate. 

Atpending to the graph but the topic leads the reader astray. Some 
children had to rely upon concrete or situational experiences when 
attempting the tasks. By approaching the task in this way, they became 
distracted or sidetracked by considering somewhat-related information. * 
However, in most cases (8 out of 12), students' discussion became so 
far removed from the task at hand that they did not answer the items 
correctly. Examples 9 and 10 highlight this point. 

Example 9. Referring to Graph 3, Item 6. 

I: Number six. (reading item #6) According to the 
projected 1981 budget* which of the following 
appears to be correct? (reading the choices) 
There is a greater need to support military defense 
than direct payments for individuals; There is a 
greater need to support military defense than aiding 
states and localities; There is greater need to 
support foreign., what f s that funny word? 

S71: Cormitments 

I: Cormitments than military defense. You know that word 

then? 
S71: leah. 

I: Right. There is a greater need to supporp foreign 

cormitments than direct paytrients for individuals. Which 
one- 

S71; b 

I: Would you pick? And can you give me a reason why? 
S7l: 'Cause you have to support the military, I don't know. 
It What were you going to say first. Tell me what you 
were -thinking. 

S71: I fraught that it was for* the states, money for the* 

states, and localities. 
I: O.K., so you changed your mind. r 
S7Vt Yeah. 
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I- All right. So you decided that there wasn't a greater 
need to support the military defense than states and 
localities. Uhich one are you going to choose now if 
you don't choose that one? 

S71: d 

I: O.K., why do you think that? 

S71: 'Cause like if they take a little bit of money out of 
same individuals they could help bring out all the 
poverty and all, in all the other foreign countries. 



Example 10. Referring to Graph 8, Item 5. 
. S48: I'll take a. 

• mm 

I: All right, new tell me why you picked a. Why was that 

a better answer? 
S48: Well, I still don't think the time (psxxse)the sunset 

is strictly at 8:20. I think that it might curve 

wrong - still might be a little bit daylight outside. 
I: And so you said something about a curve just then. 

What was that about? What does it remind you of? 
S48: Well, this curve right here reminds me of the way, 

like, the daylight's set now. It doesn't (pause) 

at tfye time that it should set, it doesn f t go ^ 

straightly dark, it's etill just slightly a little 

bit daylight outside. 
I: I see. And how does that remind you of a curve? 
SA8: When you have a straight line it is going to be dark 

immediately, but when you have a curve it takes a 

little bit longer. 
I: I see. Because it's sort of rounded or something? 
S48: It's a little bit longer than a straight line. 
I: O.K. Bow does this one, this graph, relate to this graph? 

(Comparing choice a with the main graph) ^ 
S48: This one right here looks the same as this one. 
I: Did that influence your choice at all? 
S48: Not that much. 

In both of the examples above (and in other responses), in seemed 
that the children's concerns with the topics distracted* them from 
attending to the deep structure of the graph, which was required in 
answering the items. In Example 9, S71's attitude towards the situation 
became evident and dominated his thinking. In Example 10, S48 compared 
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the curve in choice a of item 5 to a sunset. This child related what 
he has seen, to a picture that he thought represented what he has 
experienced. These examples seem to agree with Janvier's (1978) 
observations that for concrete thinkers, the attention is drawn to 
the situation and the graph completely vanishes (10.5). 

Attending to the graph but inconsistencies are not recognized. 
Some children (8 who .had low mathematics achievement scores) did not 
recognize inconsistencies on the Graph 4 revision (i.e., that the 
higher the bar,^ the taller the person who is being represented). This 
is highlighted in Example 11. 

Example 11. Referring to the revision of Graph 4, Item 3. 

I: O.K. t number three. ' 

S47: (reeding item #3) Vho was the tallest? (pause) Pedro. 

I: And why did you say that? 

S47 : Because his bar goes all the way up, the most . . . 
I- O.K., why didn't you choose Jose, c for number 3? 
S47: Because this is not as big as this jme. When # 

you look for the tallest you look for whxch one is 

the highest . . . 

in some cases, students insisted upon following their intuition 
(i.e., that the higher the bar,, the taller -the person who is being 
represented). This is highlighted in Example 12. 

Example 12. Referring to the revision of Graph 4, Item 3. 
I: So. looking at the picture, what answer would you give 
me? 

S44: I would give you Pedro. 

I: And if you looked at these numbers (pointing to the 

vertical axis) 'would you still say Pedro? 
S44: Us. " 

These ol^rvations seem to agree with Kosslyn (Note 2) - that 
young children (e.g., fourth graders) are not as flexible in accomodating 
incoming information that might- be inconsistent or contrary to what 
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they expect, or have previously learned. In general, seventh graders 
and fourth graders with high mathematics achievement scores were 
somewhat more flexible in handling this situation. They usually changed 
their answers to correspond to the augers along the vertical axis. 
They made their changes after monitoring their own thinking, or after 
further questioning by the interviewer. 

Text- /Schema-Based Comprehension Frooeeeing 

Task b and task c items were designed to employ prior knowledge 
as well as referring to the information and data located in the graph. 
The results of the experimental study suggested that the mathematical 
relationships were embedded within the deep structure of the graph and 
topic and -graphical form cues for retrieving relevant prior knowledge 
were located in the surface structure of the graph. Many students who 
attempted items by referring to the graph and applying relevant prior 
knowledge answered the items correctly. How the students integrated 
information from the graph and brought their prior knowledge to bear 
are highlighted in the following three examples. 

Example 13. < Referring to Graph 3, Item 3. 

I: O.K., number three, (reading item #3) What 
'fractional part of each ^dollar did the U.S. 
Government spend on net interest? 

S77: One-eighth (pause) no wait (long pause) 
nine-over-a-hundred, b. 

I: O.K., what did you do right after I read the 
question. Tell me everything that happened 
before you decided it was b. 

S77: I looked for one that had 9 and was broken 
into a hundred dollars, into pennies equals- 
one hundred. . 

I: But why isn't it o, one-hu.idred-over-nxne? 

S77: Because then it would be (pause) we had to 
divide nine into one hundred. 
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I: O.K., you saut you were looking for nine. 

* Why isn't it a? 

S77: Because there aren't nine pieces. 

I; There arenSt nine pieces. O.K., first you looked 

i for a nine in the responses, and every one has 

j 1 nines in 'them. And then after you found out they 

all had nines in them, what did you do? 

S77: I looked for a hundred or a dollar. 

Example U.~ Referring to Graph 2, Itei* 5. 

I: (reading item #5) B6w many hours a week 

not including Saturday tmd Sunday did Terry 
spend on homework? 
S45: (pause) Ten hours, c? 

Bow did you figure out it was ten hours? 
Because I know there are five days in school and 
hours is* two hours, so I go 5, 10, IS, — 
I mean 2, 4, 6, 8, and 10 (counting on fingers). . 
I: Right. That's — 

So one day, two hours, two days four-hours, three days, 
six hours, and four days, eight hours, and five 
days is 10 hours. m 

Example 15. Referring to Graph 2, Item 6. 

I: Let's look at number six. 
S42: (silent reading) d $ one-third? 
I: Why? 

SA2: 'Pause, because one-third is the largest? - 
I: Oh, O.k., how* do you know one-third is the largest? 
S42: Because one-twenty-one is very small, one-twelfth 
is small, and one-fifth is almost as email. One- 
third in this part is the largest. 
I: And, why would that have to be the largest of all 

of them, I mean the answer to that question? 
S42: 'Cause all of them is small when you cut them 
into different sections, the one-third is the 
largest. 

I: O.K., why, my question is, why would that have to 
be the largest? Why couldn't it be the smallest* 
one that would be the answer to this question? 
SA2; Because when you have a circle and you cut it 
up into three parts, each one is about (showing 
% on the circle graph)* 
I: Urn hm. Bight, that's, what your 're saying is 

correct. But, my .question is why would the answer 
a, b, c, or d, the one that you pick, have to be 
the largest fraction, to this question — why 
would the answer have to be the largest of these 
choices and not the smallest and not the middle? 
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S42- (long pause) Because the Mailer number the 

X- ' fSR ^uW^ ^Ht, the seller the 

nwtoer in the denominator the larger thefrac^on. . 
But run, with respect to this question, that says 
(reading tha itam aloud) mat fraotwnal part of 
a week; not including, Saturday and Sunday, does 
Terr^pend sleeping?, Vhy would the answer have- to , 
be thW largest fraction? i„~,eat 
Because the larger, because sleeping is the largest 
^. ^r.ftrrlnt to the circle graph;, 



CA2- Because the Larger, uwu*o~ °"—r--^ - - 

thing on there preferring to the circle graph), 

on the graph. 

I! tdZhere it's the largest thing (referring to the 
dietractore) 



S42: 
I: 



distractors;. - rf 

Oh, now I want to ask you another question. If 
t ttaid if one of these choices were one-half , 
lA^)uZ-hilfnowthesmallesi . 
largTst, or you can't tell of all these fractions? 

* </3E?i« a choice, would you still say one-third, 
or, would you say now, one-half? 
SA2: One-half. 



S42 
I: 



In the above examples, students' comments indicate that schemata 
have been activated and prior knowledge was being brought to bear. 
Although S42 did bring knowledge to bear, the knowledge, which 
linked the largest portion of the circle graph with the largest fraction 
in the distractors, was an incorrect strategy to use. In this case 
the student had the right answer for the wrong reason. Questioning 
students in this way can help teachers focus on how child^n arrive 
at their answers. By using this approach, it becomes obvious that 
it might not be the "answer" that needs correcting, but rather "how" 
the anawer was derived that needs correcting. This is in agreement 
with an observation made by Davis (Note 3). 
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Students 9 Reactions and Suggestions 

Students were very helpful in offering suggestions for improving 
graphs and questions as well as expressing what they thought might 
be important for their peers when reading some of the graphs* Suggestic 
for improving the graphs included making some of the dots (within the 
graphic display of the line graphs) larger and extending horizontal 
and vertical lines to facilitate locating points. For Graphs 3, 8, 
and 9, some seventh graders indicated that the vocabulary (e.g., 
"grants to states," "average ," and "recession") was difficult. For 
Graph 12, 9ome fourth graders thought that using half of a symbol 
might be confusing for their peers. For the revision of Graph 4, 
students (both fourth and seventh graders) suggested that the numbers 
along the vertical axis be arranged from smallest (at the bottom) to 
highest (at the top) to conform yith their concept of height. 

Some students (both fourth and seventh graders) recognized the 
Importance of -having knowledge of the topic of the graph, the 
mathematical content employed in the graph, and the graphical form. 
The following are examples of their comments. N 
Example 16. Referring to Graph 9. 

I: Do youithink that there is some information that 

students should know before they are given the graph? 
S72: (pause) Yeah. 

I: Could you help me by telling me what information 

they would know? 
S72: What the Grose national Product is. 
I; So it would be helpful if they had a knowledge of 

what ~ 

S72: Y*ah, they knew what it was. 

I : Uhat would that help them do then, if they knew 

what Gross National Product was? 
S72: I don't know, it could, urn, help know what 

they're talking about. 
I: Uh huh. Do you think it might make them interested 

in trying to figure out what the graph is about if they 

knew? 

S72: Yeah, what it's about. 
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^ Example 17. Referring to Graph 2. 
I: Were there any items, anything in any of these 
questions, > that you think someone in fourth 
grade would have trouble with? Which would you 
■think people in the fourth grade would have 
trouble doing? 
S44: If they didn't know fractions they would probably 
have trouble on what fractional part does, or 
fraction of a week does she sleep. 

■ ' * 
Example 18. Referring to Graph 8. 

I: Do you find any of these questions hard? Would 

they be hard for fourth graders? 
S42: (nodding no) Not if they're smart. 
I: O.K., and, is there anything about the graph that 

oould be improved, is there anything I could do 
' to the graph that would improve it? Can you 

make* any suggestions for me? 
S42: (long pauae) I think it might be easier to 

put it in a bar graph. 
I: Oh, you're more familiar with the bar graph or with 

a line graph? 

S42: Bar graph. , 
I: And so it would be easier then for all fourth graders, 

do you think, if this were presented in a bar graph form? 
S42: (nodding in agreement) 

Ii Do you think any informatio> can be put into a oar 
graph? 

S42: Not all information, but some. 

I: CouW. you give me c . example o? something that 

couldn't be put in a bar graph? 
S42: (long pauae) Fractions can't be put in a bar graph. 
I: Oh, so what kind of graph would we use for 

fractions? 
S42: (pause) I think that circle graph. 

Interview Protocol Additions and Revisions 

Aa a result of reviewing the tapes of the Interviews, the 
following additions and revisions should be made for the Interview 
Protocol found on page 17 : * 

1. Interviews should be conducted in two parts. The first part 
should include prior knowledge questions (reflecting the topic, 
mathematical content and graphical form of the graphs to be used) and 
about two weeks later, present the children with the selected graphs 
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and accompanying questions. It is possible that asking the 

prio* knowledge questions immediately before presenting the graph tasks 

to the children might have influenced their responses. 

2. The interviewer should read items and distractors aloud as 
the subjects follow along silently. 

3. Avoid indicating whether a response is correct or incorrect. 
4* Probe for correct as well as incorrect answers, i.e., ask, 

"How did you get that answer?" for both correct and incorrect responses. 

5. Include the question "What suggestions would you make to 
Improve this graph or some of the questions?" 

Questions for Future Research 

As a result of this small-scale study, some questions have been 
generated for future research: * 

1. How do students determine when to employ text-based comprehension 
strategies, schema-based comprehension strategies, or a combination/ 
integration of both? 

2. With respect to graph reading, is the strategy employed a 
function of reading achievement, mathematics achievement, prior knowledge, 
or an interaction of any of these? 

3. How do novices (e.g., fourth graders) monitor graph comprehension? 

4. How do older students (e.g., seventh graders) monitor graph 
comprehension? 

2io 
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